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in no basic change in the 


physical properties of a_ liquid 
whether you pump large or small 
volumes. But as the volume being 
pumped approaches the milliliters 
per hour (ml hr) range, several 
constant characteristics of liquids 
tend to become serious problems. 
Metering success depends on how 
well these problems are solved by 
pump design and operating prac- 
tice. 


Compressibility: 

All liquids are compressible, but 
so slightly that there is rarely much 
cause for concern. In small volume 
metering, however, the 0.0277 re- 
duction in volume of water which 
accompanies each additional 100 
psi pressure can represent a 0.3; 
loss in pumping efficiency. Thus 
the existence of high or fluctuating 
discharge pressures must be con- 
sidered when choosing a micro 
pump. 


Entrapped air: 

Bubbles can be troublesome even 
in high capacity controlled volume 
pumps. But when you’re metering 
at the rate of 1 60 ml per stroke to 
0.37 accuracy, a bubble can spell 
disaster. Good pump design can 
minimize the bubble problem by 
speeding bubbles through the liquid 
end in a very few strokes, but only 
good pumping practice can elimi- 
nate it. In our experience, there is 


how to meter small quantities 
of liquid accurately 


no substitute for a deaerator in 
the line. 


Viscosity: 

Low viscosity liquids tend to pass 
between any but the most per- 
fectly mated ball checks and seats. 
3all seating techniques recently 
introduced by Milton Roy have 
eliminated this problem, however, 
and extended the number of liquids 
that can be accurately pumped in 
small volumes. For example, a 
miniPump® is now successfully 
pumping 85 ml hr of cyclohexane 
against a discharge pressure of 
1,000 psi to an accuracy of +0.6%. 


Minute volumes also impose 
tight specifications on the pump 
itself. Plungers, balls, and seats 
must be finished to a degree of near 
perfection. Parts are inspected 
under powerful microscopes for any 
sign of imperfections. Proper mat- 
ing of balls and seats is so critical 
that a rigorous functional test is 
necessary. 


Solving these unusual problems 
demands such special equipment as 
the Milton Roy miniPump, and 
special pumping practices. To- 
gether they permit numerous 
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metering jobs not otherwise pos- 
sible. MiniPumps are standard 
equipment wherever small volumes 
of expensive or dangerous liquids 
are to be accurately metered into 
large vrocess streams: perfumes 
into soap, dyes into cheese, odor- 
ants into natural gas, and hydra- 
zine and other amines into boiler 
water. MiniPumps have also 
proved themselves in the chroma- 
tographic analysis of amino acids, 
feeding influent buffers to the 
columns and accurately introduc- 
ing ninhydrin reagent to the 
effluent. 


If precision pumping of small 
volumes of liquid is one of your 
problems, look to Milton Roy’s 25 
years of experience for your most 
economical solution. For more de- 
tailed information on miniPumps, 
write for Bulletin 1257-1. Milton 
Roy Company, 1300 East Mermaid 
Lane, Phila. 18, Pennsylvania. 


CHEMICAL INSTRUMENTATION SYSTEMS 


Controlled Volume Pumps » Quantichem Analyzers 
Chemical Feed Systems « pH Instruments 





M@ The Magnarator* is a metal or glass tube rotameter that clearly 
indicates flow rate and transmits a linear pneumatic output signal as well. 
But it is a true in-line, through-flow meter...no nooks, crooks, crannies, or 
corners. Magnarators have no fear of the most troublesome liquids and 
gases. Even problem slurries flow directly through without hesitation. The 
motion balance transmitter is a design that has proved itself inherently 
accurate and dependable time and time again. And in the Magnarator it 
is at its very best. This is an outstanding companion to our present 


extension-type Magnabond* flow transmitter. 
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Hardly a process exists 

that would not benefit by the installation 

of several Magnarator instruments. 

Look about you and the right spots 

will surely jump to your attention. 

Liquid ranges: 1 to 100 gpm water equivalent. 
Gas: 4 to 400 scfm air. Details in 

Catalog 10A2150. Fischer & Porter Company, 


521 County Line Road, Warminster, Pa. 
FISCHER & PORTER COMPANY 


*Tradename of Fischer & Porter Company COMPLETE PROCESS INSTRUMENTATION 
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Inner secrets of inner valves 


FACTS EVERY CONTROL VALVE USER SHOULD KNOW 


This is a rare photograph . . . presented in a com- 
pletely unretouched form, It shows the inner valve 
of leading makes of diaphragm control valves. The 
inner valve determines the control result. 

The most amazing fact is the size... all are 
listed as two inch valves. All are high lift. But 
compare them. 

Note the Kietey & MUELLER inner valve at the 
far left. It equals the others on every point of con- 


diaphragm control valves 


Our 78th Year 


sideration ; exceeds on many. Look at the diameter 
across the skirt . . . that’s one reason for the re- 
markable C, of K&M valves. Look at skirt length; 
the solid, not fabricated, design. Measure 
the rugged guide posts and the large column. 
Examine the machining and the super-finishing. 

It’s no wonder . . . K&M is the valve that likes 
to be compared. It’s a better valve and a better value 
by every measure of comparison. 


FOR THE COMPLETE FACTS 
write for the K&M Valve Engineer- 
ing Data Catalog, Bulletin CV53. 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 


64 Genung Street, Middletown, New York 
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UNION 
How (esGiiles 


Verifies 


Flowmeter Accuracy 


Operator testing flowmeter with 
COX Flow Calibration Standard 


Periodic checking of liquid flowmeters at the huge Oak 
Ridge, Tennessee nuclear facility presented a problem 
to the Union Carbide Nuclear Company, operators of 
the facility. Checking the instruments required a known 
standard against which they could be evaluated. Using 
other flowmeters as masters was of questionable value 
as they too were subject to the same variables of wear, 
temperature changes, and viscosity shifts as were the 
instruments under test. 


Union Carbide solved the problem by using a COX 
Flow Calibration Standard (Type 315), the same as 
those used by flowmeter manufacturers for original in- 
strument calibration. It gives them a primary standard 
of their own — assuring accurate flow measurements 
that can be correlated with measurements by the Na- 
tional Bureau of Standards. 


Costly? Not as much as you'd think for a primary 
stendard. And the time normally spent on rechecking, 
evaluations, and analyzing test data was eliminated. 


If you make or use flow measuring devices you will 
be interested in our new Technical Bulletin on 
COX Flow Calibration Standards. Write to: Cox 
Instruments Division, George L. Nankervis Com- 
pany, 15400 Fullerton Avenue, Detroit 27, Michigan. 


IF IT'S WORTH MEASURING 
it's worth measuring accurately 


OFM n site wimien 
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REMEMBER COLLAR BUTTONS ? 














NOW PARKER HAS ELIMINATED A MORE SERIOUS ANNOYANCE 


... LOST TUBE FITTING FERRULES! 


A simple change in the design of Parker “Intru-lok®,’”’ the 
positive, bite-type Parker fitting for copper, aluminum or plastic 
tubing, has solved an age-old problem. 


Small three- and four-piece tube fittings have long been a pain 
in the neck on applications where it is necessary to remove the nut 
from the fitting. The ferrule(s) fall out and promptly disappear. If 
and when found, they often get put in backwards. Sometimes they 
never get put back at all. Result, in either case: a leaking joint. 


Now Parker has developed a snap-in, captive ferrule for “‘Intru- 
lok.”’ You can take it out of the nut, “on purpose,”’ but you can’t 
drop it out accidentally. 

You get all the leakproof safety of a three-piece fitting with 
positive “‘bite.’”” You also get the convenience, the quick, easy 
assembly of a two-piece fitting. The easiest fitting to install has 
been made even easier. Write for new ‘‘Intru-lok’”’ dimensions and 
prices today. 


The new nut with captive ferrule is available on all 
‘‘Intru-lok”’ fittings sizes from #2 through #8 (“e" 
through 42” 0.D.). Shown below actual size: 


 @> >, 


dy, 


#8 — #6 ~<? 5 


ARKER 
ANNIFIN 


CORPORATION 


Three ‘‘detents’’ hold the ‘‘tail’’ of the 
new ferrule in the nut. Also, the larger 
hole in the nut makes tube bends 
closer to the fitting possible. Note 
the larger wrench flats on this huskier 
nut, too. 


ee 


3 


#4 


DIVISION 
17325 Euclid Avenue «+ Cleveland 12, Ohio 


Parker FITTINGS AND HOSE 


PNeumaric ano Hyorautic SYSTEM COMPONENTS 


EUROPEAN DiviS 
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WORKING 
PARTNERS 


RCA 501 — SOUNDCRAFT INSTRUMENTATION TAPES 


9 





\ 


Big business depends more and 

more upon electronic data processing. For 

many corporations, the heart of their data reduction and stor- 
age operation will be the new RCA 501 Computer System. 
The crucial testing period of this new computer called for 
the most reliable of instrumentation tapes... Soundcraft. 
And, Soundcraft Tape proved to be the perfect working 
partner—not only in the testing, but afterward, in continu- 
ous working use. 

In short, experience has proven that Soundcraft works best 
on leading computer systems, like the RCA 501. Let preci- 
sion-made, trouble-free, error-free Soundcraft Instrumenta- 
tion Tapes go to work for you. Complete literature on request. 


REEVES $0 UINDORAF T cor Great Pasture Rd., Danbury, Conn. @ Chicago: 28 E. Jackson Blvd. 
» Los Angeles: 342 N. LaBrea @ Toronto: 700 Weston Rd. 
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SCANNING \ WHAT’S NEW 


Computer Controls Cat Cracker—A transistorized digital computer will 
exercise automatic closed loop control over one of the country’s largest cat- 
alytic cracking units in Philadelphia early this year. The Thompson Ramo 
Wooldridge RW-300, purchased by the Gulf Oil Corp., will automatically 
control Gulf’s 60,000 barrel per day fluid catalytic cracker, which produces 
high octaine gasoline stocks, liquid butanes and propanes, and fuel oils. The 
RW-300, with built-in analog-to-digital conversion equipment, has 123 analog 
inputs and 12 analog outputs, with capacity for future expansion. 


Memory By Automation-—Scientists at IBM’s Federal Systems Division lab- 
oratory have fabricated a new 135-cryotron superconducting memory plane 
and successfully used automatic control techniques to duplicate it many times. 
The equipment used for deposition, allows each layer of a metal or insulator 
to be sequentially deposited through 17 microscopically adjusted masks, or 
perforated metal sheeets. The masks are changed automatically, like records 
in a juke box, and held in a large metal cylinder operating under high vac- 
uum. Once the masks have been properly aligned, the process automatical- 
ly produces the duplicate superconducting memory planes with similar elec- 
tric and mechanical characteristics. 


Electronic Stock Exchange—A communications facility and data processor 
will, in two years at a cost of $3.0 million, provide investors at the Amer:- 
can Stock Exchange with the world’s first complete electronically automated 
quotation network and the first commercial application of a combination 
voice produced and print-out reporting technique. Designed by The Tele- 
register Corp., it will have a capacity for reporting via telephone or print- 
out 2,000 securities at the rate of 72,000 inquiries per hr. 


Millimicrosecond Switch Developed—A super-speed, electronic switch, 
demonstrated by Raytheon’s Semiconductor Div., can more than double the 
output of today’s computers. Incorporating the company’s avalanche mode 
silicon transistor in a microwave strip transmission line, the switch can be 
turned off or on in less than one millimicrosecond (0.000 000 001), making 
it the fastest switch known to be in existence. Immediate applications include 
pulse generators and other instrumentation circuitry. 


Computers Talk In English—In a demonstration before the government- 
sponsored Executive Committee, Conference on Data Systems Languages, 
the Remington Rand UNIVAC II and an RCA computer system demon- 
strated for the first time how computer programs using plain English, can 
be interchanged between data processing systems of different manufactur- 
ers. Both companies utilized COBOL (Common Business Oriented Lan- 
guage), which is basically a programing system that employs simple Eng- 


lish words. 
(Please Turn to Page 11) 
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Foxsoro Dynatoc Evectronic Contro.ters in Utilities Division, at Kodak Park, 
Rochester, N. Y. control distribution of refrigerated water throughout Kodak Park Works. 


motor load - conductivity - pH - capacitance... 


Eastman Kodak uses Foxboro Electronic Dynalogs 


for dependable measurement and control 


Tuts Foxnoro DynaLoc CONTROLLER is used 
with a 1/10-inch Foxboro Magnetic Flow Meter 
to control flow of an additive to Kodak’s paper 
machines at 0.1 gpm. 


One basic instrument measuring and 
controlling these and dozens of other 
different variables: temperature, 
weight, moisture, conductivity, pAg, 
flow, humidity, That’s what Foxboro 
Dynalog* Electronic Instruments do at 
Kodak Park Works in Rochester, N. Y. 

And they’re doing it without need 
for periodic maintenance. That’s be- 
cause Dynalogs have no slidewires — 
no balancing motors — no galvanom- 
eters. There’s nothing to wear out or 


get out of alignment — nothing to 
lubricate. And simple unit construc- 
tion makes changes in both type and 
range of measurement possible in the 
field — quickly and without affecting 
accuracy. 

Ask your Foxboro Field Engineer to 
show you the savings possible when 
you standardize on Dynalog instru- 
ments. Or write for Bulletin 20-10. It 
has full details. The Foxboro Company, 
342 Neponset Ave., Foxboro, Mass. 

*Reg. U.S. Pat. Of. 


OXBOR 


REG. U.S. PAT. OFF, 
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SCANNING \ WHAT’S NEW (Continued from page 9) 


Computer-Designed Computer—The first computer ever built from com- 
plete information furnished by another computer, is being used in target 
tracking tests for NIKE-ZEUS, the U.S. Army’s anti-missile defense system. 
The entire logic network of the digital computer, consisting of 47 sub-as- 
semblies, was built from wiring diagrams, assembly information and parts 
lists produced by a specially programed, general-purpose digital computer. 
Designed by Bell Laboratories and manufactured by Western Electric, the 
system required less than 25 minutes per sub-assembly to produce manu- 
facturing information which would have consumed four man-weeks of man- 
ual effort with conventional drafting methods. 


Flight Data Analyzed in 2 Hours—An ultra high speed data system for 
flight test programs conducted by Republic Aviation and the Air Force, an- 
alyzes data acquired during a 10 sec. aerial maneuver in two hours! The 
older method takes 230 man-hours to do the job. Heart of the new system 
is an airborne electronic converter that takes samplings of system perform- 
ance data in analog/digital forms and records these on magnetic tapes in 
digital or numerical code. The tape is then removed from the aircraft and 
fed into special electronic equipment that translates and prepares the data 
for handling by a large-scale computer. 


India Demands More Instruments—The demand for instruments in India 
is expected to double from the present rate of consumption, $37.8 million in 
1959 to $73.5 million by 1965-66, according to an American Embassy Des- 
patch released by the U.S. Commerce Department. Principal instrument im- 
porters are the United Kingdom, West Germany and the U.S. Indian pro- 
duction of instruments was estimated at $6.3 million in 1959: 1/2 included 
scientific apparatus and equipment for schools and colleges; 1/4 consisted 
of items used in surveying; industrial process and control instruments were 
18% of the total output, and mathematic instruments for teaching purposes 
accounted for the remaining. 


Fuel Cell Power Plants—Fuel cells, devices which convert chemical energy 
directly into electricity, can now be a practical source of power. A 45-lb. port- 
able power source for field use is currently undergoing acceptance tests pri- 
or to its delivery to the U.S. Marine Corps. G.E.’s Aircraft Accessory Tur- 
bine Dept. will deliver the fuel cell power pack to the military early this 
year and models should be available to industry in the next five years. 


Three-Cubic-Inch Computer — A pneumatic digital computer, complete 
with memory and occupying a cube less than three inches on a side, will be 
able to do everything an electronic or mechanical computer can do, yet will 
be cheaper, more reliable, and easier to service and test. The unit, under de- 
velopment at Kearfott, will operate in temperatures from —100 to 2000 F 
without special provisions for heating or cooling, and in virtually any radi- 
ation environment since it has no electronic or soiid state components. 
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NEW! King 
COMPRESSED AIR 
FILTERS 


REMOVE ALL HARMFUL 
TRACES OF DIRT, 
WATER AND OIL— 
Month after Month with 





NO MAINTENANCE! 





WET SCRUBBER CARTRIDGE 
causes mist and fog to form large 
drops that fall into sump. Takes out 
dirt, water and oil down to less than 
2 microns. Self-cleaning; has almost 
unlimited service life. 








DRY POLISHER CARTRIDGE 
removes practically the last remain- 
ing traces of dirt, water and oil; 
leaves the air exceptionally clean. 
Scrubber cartridge does nearly all 
the work, so Polisher also has almost 
unlimited service life. 


Get ALL the facts! Write today 
for free KING FILTER CATALOG. 


KING ENGINEERING CORP. 


3209 S. State St. Ann Arbor, Mich. 


D LEVEL GAGES, MANOMETERS, ACCE 
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Contracts 


Rockwell-Republic Flow Me- 
ters will be the prime contractor 
for an automatic combustion 
control and digital data system 
of the 500 megawatt unit, Tenn- 
essee Valley Authority’s Colbert 
Steam Plant Unit No. 5, Tus- 
cumbia, Ala. TRW Computers, 
division of Thompson Ramo 
Wooldridge, will provide the 
digital data system with an RW 
300 computer as part of the 
Republic contract. 

Contracts for a control sys- 
tem to regulate the generation 
of electric power have been 
awarded by Cincinnati Gas & 
Electric to Leeds & Northrup. 
This is one of 16 computers 
either installed or on order from 
L&N and used for the same 
general purpose. 

Milgo Electronic Corp. has 
received a $700,000 prime con- 
tract from NASA to develop an 
analog/digital radar distribution 
display and acquisition system 
for the Wallops Island Facility. 
System includes computers, 
transmitters, receivers, X-Y re- 
corders and monitoring buffers. 


Computer Engineering Associ- 
ates is building a $90,000 thermal 
analog computer for Douglas 
Aircraft as an aid in solving 
various missile thermal prob- 
lems. The unit is an electric 
modeling device in which ther- 
mal parameters may be simu- 
lated and varied in seconds by 
rotating a switch. 

Space Technology Laborato- 
ries will deliver three flight 
spacecraft within three years to 
NASA under a $15 million con- 
tract, negotiated and managed 
by the Goddard Space Flight 
Center. 

Hughes Aircraft has received 
a Navy contract for $6.6 million 
for continued production of in- 
ertial guidance systems for the 
Polaris Missile. 

A $23,500,000 Air Force con- 
tract will cover participation of 
G.E.’s Defense Systems Dept. in 
the guidance of ATLAS booster 


stage vehicles in Air Force space 
satellite programs, test func- 
tions of the G.E.-developed 
radio-command guidance system 
for ATLAS, and instrumentation 
for the ATLAS and TITAN 


missiles. 


Sales & Earnings 


Telecomputing Corp. reports a 
record sales high in excess of 
$49 million for its fiscal year 
ended Oct. 31. An earnings de- 
cline for the past year based on 
$2.1 million final writeoff on 
contracts awarded will be offset 
by $10 million in future orders 
from the government, and $15 
million sales potential in the 
international market. 

Servomechanisms Inc. reports 
net sales for the first 9 months 
ended Sept. 30 of $10,196,000; 
net sales for the same period in 
59: $10,816,000. 

Sales during the fiscal year 
ended Sept. 20 for Bendix Corp. 
were $787,025, 279, 15% over the 
1959 total, $683,800,000. Net in- 
come: $26,188,471 or $4.88 per 
share on 5,371,278 shares out- 
standing, compared with $27,- 
404,247 or $5.37 a share in ’59. 

Net earnings for Assembly 
Products in 1960 are expected 
to be between $250,000 and $260,- 
000, as compared to ’59 profits 
of $209,911. 1960 shipments will 
be between $3,400,000 and $3,- 
500,000, 16 to 19% greater than 
‘59 shipments of $2,926,412. 

Sales of Data-Control Systems 
for the year ended Sept. 30 
amounted to $3,381,417, a 31% 
increase over ’59 sales of $2,573,- 
638. Net income after taxes: $48,- 
932 or 15¢ per share on 327, 400 
shares outstanding. 

Perkin Elmer Corp.’s net sales 
totaled $5.4 million, earnings, 
$138,710 for the first 3 months 
of its 1961 fiscal year ended Oct. 
31, 1960. Net sales compared 
with $3.2 million for the first 
3 months of ’59. The company is 
now listed on the New York 
Stock Exchange and is identified 
for trading by the ticker symbol 
PKN. 











J 
MIcROSEN mp 
All’s right at half after midnight 
The new shift settles in to monitor the 
’ processing steps. Meanwhile, out among the 
towers, Robertshaw-Microsen® Electronic 
ystems are providing maximum automation for 
paett, 
control. For greater system flexibility, lower 
initial investment and minimum operating costs 
— specify Robertshaw-Microsen for precision 
control of pressure, perature, differential 
{ : pressure, Oxygen concentration 
. analysis, pH, flow. Over 50 sales 


— write for address of the one nea 
and for Technical Bulletin 10 


“Process Instrumentation 


Everything's 
under Control! 


Shown above: (T to r.) Mics 
Microsen Recording Controlle: 


Transmitting Potentiometer, 
Detection and Control S 


Aeronautical and Instrume: 
Robertshaw-Fulton Control 
Santa Ana Freeway at Eucl 


Anaheim, California 
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e Hot water boilers 
¢ Cooling towers 





FOR MEASUREMENT OF HEAT TRANSFER IN 


¢ Power applications 


e Refrigerating systems 
e Chemical processing 

















Now a single recorder can provide data 
on BTU, flow, and differential tem- 
perature, plus BTU totalization. This 
new unit incorporates components 
proven in hundreds of applications. Its 
operation is indicated in the diagram 
below. 

The temperature of the liquid as it 
enters the heat exchanger is measured 
by a platinum resistance temperature 


element. Another similar element meas- 
ures liquid temperature leaving the ex- 
changer. A Hays model 245 flow trans- 
mitter measures liquid flow through 
the process. These variables are re- 
corded, retransmitted and multiplied. 
The product is then transmitted to a 
BTU receiver which records rate of 
BTU gain or loss, and to an integrator 
totalizing BTU’s gained or lost. 


soins RECORDER 
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The features of the new Hays BTU Meter include: 


e Only one unit for recording BTU, differ- 
ential temperature, fluid flow and total- 
izing BTU 

e Increased accuracy. No loss by transmis- 
sion between recorders. 

Accuracy specifications include: 

Differential temperature: within + 0.5% 
chart calibration 

Flow: within 0.25 maximum trans- 
mitter differential 

BTU Record: slightly over 1% over en- 
tire range of Delta T at 70% to 100% 
of fluid flow 


Model 913 BTU Meters can be adapted 
to any 20° F minimum to 180° F 
maximum fluid temperature differential 
span on operating temperatures of from 
32° F to 500° F for the stated accuracies. 
Greater temperature difference spans 
can be handled with corresponding 
change in accuracies. Standard models 
have been developed for chilled or hot 
water. Modifications permit use with 
other fluids. 

A new bulletin, 58-B913, contains 
complete information of the new Hays 
BTU meter. Write for your copy today. 


e Easy to install 
Accurate and easy checking of BTU 
record 
Easy to service. All components readily 
accessible 
Fast response due to electronic rebalanc- 
ing of three transmitted signals 
Narrow differential temperature ranges 
available for maximum accuracy and sen- 
sitivity 
Switches can be added for alarm or 
safety purposes 


MICHIGAN CITY, INDIANA 
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SCANNING 


INTERNATIONAL 





U.S. Firms Abroad 


The Foxboro Co. has added a 
marketing division to serve its 
associated firms in England, Hol- 
land, Canada and Japan, as well 
as its U.S. market. 


Fisher Governor’s line of auto- 
matic controls will soon be man- 
ufactured in Mexico under the 
corporate name, Controles Auto- 
maticos, S. A. The new Monter- 
rey plant will start production 
early this year. 


The Brooks Instrument Co. has 
formed a European manufactur- 
ing subsidiary, Brooks Instru- 
ment Nederland, N.V., in Veen- 
endaal, Netherlands. 


One of the largest wind tun- 
nel digital data handling sys- 
tems built in recent years was 
designed and constructed by 
Datex for the Aeronautic Tech- 
nology Laboratory, Tokyo. The 
system has a capacity for han- 
dling 200 pressure data and 20 
force variables. 


Gelman Instrument Co. is sole 
American distributor for IR gas 
analyzers and other electronic 
instruments made by Hilger & 
Watts, London, England. 


International Rectifier’s Ital- 
ian subsidiary, IRC Italiana 
S.P.A. and Piemontese Sviluppo 
Industriale S.P.A., one of Italy’s 
largest industrial holding com- 
panies, have launched a joint 
multi-million dollar semiconduc- 
tor manufacturing facility cur- 
rently under construction in 
Borgaro, Italy. 


An agreement to establish a 
jointly-owned company in 
Tokyo, subject to Japanese gov- 
ernment validation, is planned 
by Perkin-Elmer and Hitachi, 
Ltd., Tokyo. The new firm, 
Hitachi Perkin-Elmer, Ltd., will 
cross-license its parent com- 
panies for manufacture and 
sale of scientific instruments 
throughout the Free World. 








Nia 
Model 1385 AUTOGRAF 

Uli dgcmere)aniey-lnemee-laicelap4cre) 

circuitry. Built-in calibrated X-axis 

time sweeps, 16 calibrated ranges (each 

axis) plus stepless range control. Portable, 
rack or table mount,.10*s" x 16%6" x 4’s", weighs 
only 20 Ibs.! Includes all popular AUTOGRAF 


features for maximum usefulness, versatility. 


Data and pr 


Bo Seeaieimi —...MOSELEY co. 
eee bias SS he Bee 2. ; Dept. E-2 409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208 Cable MOCOPAS 


Field representatives in all principal areas ue 
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NOW! 
The Advantages of 20000 Series Valves plus 


TIGHT SHUTOFF 


without Sacrificing Capacity or Characteristics 


Now you can have high-capacity single-seated 
control valves with soft-seat tightness — without 
sacrifice of percentage characteristics. This design, 
moreover, permits static pressures and pressure 
drops up to 500 psi. 

Soft-seat inserts of several materials are avail- 
able to meet varying conditions. For example: 
Buna-N for temperatures to 200 F; Teflon for tem- 
peratures to 300 F and resistance to chemicals; 
Glass Filled Teflon for temperatures to 500 F, for 


rs 


~<a), 


“A 
4 


high-mechanical strength, corrosion resistance and 
for steam service. Metals available are identical 
with those normally used in metal-to-—metal 
seating. 

This new trim is a logical extension of the ver- 
satility inherent in the 20000 Series, designed to 
meet the growing preference for single-seated con- 
trol valves. If you do not yet have information on 
the most versatile control valves available, ask a 
Mason-Neilan representative or write — 


Products that work for your profit 


Niason-NEILAN 


Division of Worthington Corporation 
29 NAHATAN STREET, NORWOOD, MASS., U.S.A. 
Sales Offices or Distributors in Principal Cities in United States and Abroad 
In Canada: Worthington (Canada) Ltd., Mason-Neilan Division 


m= 
SIMPLE, 
EFFECTIVE > 


DESIGN 
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TERMINAL 
LINEARITY 


mover vt-72 DEKATRAN 
Decade Voltage Divider 


A laboratory standard transformer-type ac decade voltage divider providing 


certified linearities starting at / ppm at the larger dial settings and improv- 


ing to better than 1/100 ppm at the small settings. All units certified at the 
factory for use as a primary ratio standard in terms of an ESI standard trace- 
able to the National Bureau of Standards. Units may also be directly certified 
by the National Bureau of Standards. Performance indicated by either certi- 
ficate valid for a period of not less than three years provided the transformers 
are kept in normal laboratory environment. Features include simplified dial 
settings for error-free, in-line readings; excellent long term stability; high 
input impedance; minimum phase shift; freedom from voltage sensitivity ; 
switching transient suppression; accuracy independent of environmental 


changes. Write for Catalog C-25. 


Price $795.00, f.0.b. factory. Availability 30 days. 


4 Impedance Bridges and Accessories 


Decade Voltage Dividers 
Decade Resistors and Capacitors 
ESIAC Computers 


Electro Scientific industries 
7524 S.W.MACADAM + PORTLAND I9, OREGON 
CHerry 6-3331 


formerly/ ELECTRO-MEASUREMENTS, INC. 
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COMPANIES 


ON THE MOVE 





Traceable Calibration 
Service Offered 


In keeping with the increased 
need for calibration services 
traceable to the N.B.S., General 
Testing Laboratories Div., Met- 
roLonics, now offers such a serv- 
ice at the nation’s first metrol- 
ogy standardizing lab in Bur- 
bank. 

The lab supplies special engi- 
neering services and facilities 
for critical testing and precise 
measurements in connection 
with missile components and 
support systems, in addition to 
physical measurements of length, 
time and mass. 


Expansion 


Milton Roy Co. will build an 
addition to its present 18,000 sq- 
ft plant in suburban St. Peters- 
burg, Fla. . . . Beckman Instru- 
ments is constructing a $1,250,000 
building to house its Systems Di- 
vision at Fullerton, Cal. head- 
quarters plant ... Cramer Con- 
trols plans to erect a million dol- 
lar-plus plant in the Essex-Old 
Saybrook, Conn. area... Durant 
Manufacturing Co. will begin 
construction of a 31,500 sq-ft ad- 
dition to the Instrument Division 
plant at Watertown, Wis. 


Acquisitions & Mergers 


Dynisco, Inc., Massachusetts 
instrument firm, has been pur- 
chased by American Brake Shoe 
... Statham Development Corp., 
wholly owned subsidiary of Sta- 
tham Instruments, has _ been 
merged with the parent com- 
pany, to become the Electronics 
Division . . . Crescent Engineer- 
ing & Research Co. has signed 
an agreement to acquire all out- 
standing stock of the Travis Plat- 
ing Co. .. Burtek announces ac- 
quisition of Concord Control 
from Giddings & Lewis Machine 
Tool, Fond Du Lac, Wis. . . 
Fisher Governor has acquired 
the E. Herbert Vickery Co., Oak- 
land, Cal. manufacturers of ad- 
vanced design ball type valves 
... Leeds & Northrup acquired 
all outstanding shares it did not 
previously own of Integra, L&N 
Ltd., Birmingham, Eng. 











CRESCENT NYLON MULTITUBE 


Installed at Frankford (Phila.) Plant of 
ALLIED CHEMICAL CORPORATION 


6S 


Engineers and Installers 
CATALYTIC CONSTRUCTION CO. 
Philadelphia, Pa. 


Eight miles of CRESCENT NYLON Tubing made from Allied Chemical Corporation’s PLASKON® 
NYLON, in the form of MULTITUBE, is installed in this large chemical plant for purposes of in- 
strument control. 

Each MULTITUBE cable shown in this picture contains 14 nylon tubes spirally cabled together, 
which permits maximum bending without distortion of the tubes. The assembly is protected by a My- 
lar® tape, as well as a weather, corrosion and flame resistant PVC thermoplastic sheath. 


Nylon Tubing offers excellent resistance to environmental deterioration, impact and abrasion cou- 
pled with unusually high fatigue resistance over a broad temperature range. It is less expensive 
than copper tubing, and is particularly easy to install. Individually numbered tubes, with numbers 
clearly visible every 2 inches, make it easy to identify tubes at either end. 


CRESCENT makes many types of MULTITUBE, using copper, aluminum, steel, polyethylene or 
nylon tubes, with a great variety of protective sheaths, including interlocked metal armor. 


Send for NEW Bulletin No. 960-C with 
complete engineering data, diagrams, etc. 


CRESCENT INSULATED WIRE & CABLE CO. 


Trenton 5, New Jersey 
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SCANNING \COMING EVENTS 


lron & Steel Conference Highlights 
New Steel=-Making Instrumentation 


The Eleventh Annual Confer- 
ence on Instrumentation for the 
Iron and Steel Industry, an 
event sponsored annually by the 
Pittsburgh Section of ISA, will 
highlight several new steelmak- 
ing instrumentation develop- 
ments. 

Slated for March 8-9, 1961 in 
the Pick-Roosevelt Hotel, Pitts- 
burgh, Pa., the two-day event 
will feature a technical program 
presented by steelmen from ten 
different steel-making locations 
and instrumentation engineers 
from six instrument manufac- 
turers. 

The Conference will open 
Wednesday morning, March 8 
with a keynote address by Max 
W. Lightner, Vice President, Ap- 
plied Research, United States 
Steel Corporation. Mr. Lightner 
will forecast the role of instru- 
mentation in the steel-making 
60's. 

The formal Conference will 
conclude Thursday’ evening, 
March 9 with a banquet in the 
Pick-Roosevelt Hotel at 6:30. 
Featured speaker will be Julius 
H. Strassburger, Vice President 
and Director of Research and 
Development, National Steel 
Corporation. 

One of the features of the 
Pittsburgh meeting will be a 
tour Friday, March 10, of the 
new continuous annealing line 


of the Jones and Laughlin Steel 
Corporation’s Aliquippa, Pa. mill. 
This new line is controlled by a 
digital control computer system 
believed to be the most complex 
in the steel industry. Buses will 
leave the Pick-Roosevelt Hotel 
at 8:00 A.M. and return at 1:00 
P.M. Luncheon will be furnished 
as part of the tour. 

Registration for the Confer- 
ence is $5.00 for ISA members, 
and $7.00 for non-members with 
$2.00 credit toward ISA mem- 
bership. Advance registration 
forms are available from A. W. 
Dudreck, P.O. Box 1001, Pitts- 
burgh 30, Pa. The registration 
fee entitles the participant to a 
copy of the proceedings of the 
Conference. 

Co-chairmen are J. L. Wallace, 
Weirton Steel Company and R. 
R. Webster, Jones and Laughlin 
Steel Corporation. Papers to be 
presented are: 


Boiler Control 
P. P. Marinak, Senior Engineer, 
Bethlehem Steel Corp. 
Split Wind Blowing 
G. J. Wirt, Assistant Fuel Engi- 
neer, Bethlehem Steel Corp. 
System Considerations in the Design 
of Electric Process Control 
A. J. Hornfeck, Director of Re- 
search and Development, Bailey 
Meter Co. 
Instrumentation for Injection of Na- 
tural Gas into the Blast Furnace 


Fred W. Farmer, Combustion En- 

gineer, Lone Star Steel Co. 

Gas Analyzers — Key to Advance 
Control of Steel Mill Processes 

L. D. Culf, Marketing Division 

Director, Leeds & Northrup: 
Computer in the Mill of the Future 

George Gabow, Superintendent of 

Electrical Maintenance, Rolling 

Mill Div., Great Lakes Steel Co. 
Controlling Gas Distribution at In- 
diana Harbor Works of Youngstown 
Sheet & Tube 

Carl Broman, General Foreman, 

Fuel Dept., Indiana Harbor Works, 

Youngstown Sheet & Tube Co. 
Recent Developments in _ Electric 
Control Instrumentation 

P. H. Drinker, Foxboro Co. 
Factors in the Choice of Signals for 
Electric Control Systems 

James H. Kogen, Chief Engineer, 

G.P.E, Controls. 

Furnace Atmospheres Controlled by 
Infra-Red Analysis 

Arnold Robbins, Combustion En- 

gineer, Crucible Steel Co. 
Conventional Instrumentation of a 
Continuous Annealing Line 

J. M. Stelzer, Fuel Engineer, Jones 

and Laughlin Steel Corp. 
Computer Control of a Continuous 
Annealing Line 

J. W. McKean, Senior Systems An- 

alyst and W. A. Hahn, Supervisor, 

Data Communications, Jones and 

Laughlin. 

Other papers are scheduled on: 
High Temperature Thermocouples 
Computer Control on 80” Mill 
Soaking Pit Control 
Oxygen Fuel-Gas Lance 
Computer Application—L-D Process. 





Technical Sessions Set for Southeastern Regional ISA Conference 


A Management Symposium 
and Maintenance Clinic will be 
held concurrently with the tech- 
nical sessions during the 7th 
Southeastern Regional ISA Con- 
ference & Instrument Exhibit, 
April 19-21, 1961 in Charlotte, 
North Carolina. 

Sponsored by District III, the 
Conference will be held at Char- 
lotte Library, the Exhibit at 
Charlotte Park Center. 

Following an official welcome 
address by North Carolina Gov- 
ernor Terry Sanford on April 
19, two keynote speakers will 
discuss “The Place of Instrumen- 
tation in the Economic Future” 
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and “Management’s Future Eco- 
nomic Problems”. 


On Thursday the Management 
Symposium will feature speak- 
ers from the AFL-CIO, S.A.M., 
F.I.E.R., and the Celanese Corp., 
Chemstrand Corp., Bowaters- 
Southern and Tidewater Oil Co. 


Technical sessions will include 
the following topics: Instrumen- 
tation in a Modern Paper Mill, 
Modern Finishing Plant, and Nu- 
clear Power Plant; An Engi- 
neer’s Checklist for Adequate In- 
strumentation; Engineering Uses 
of Computers; Solid State De- 
vices; Cascading Control Loops; 


Gas Analysis; Electronic Control 
Systems; and Density and Vis- 
cosity Measurements. 

The Maintenance Clinic, slated 
for Friday afternoon and Satur- 
day morning, will deal with pH 
and Conductivity Measurements 
and Measuring Devices, Precise 
Flow Measurement and Pneu- 
matic Devices. 

The Charlotte Show Commit- 
tee is headed by E. M. Seagrave. 
Members include D. A. Gallant, 
B. W. Allen, D. H. Jones, W. B. 
Simons, W. J. MacGuire, K. B. 
Morris, E. B. Finch and Mr. and 
Mrs. J. H. Highsmith. 

(Please Turn to Page 22) 








A new concept indesign 


PERFORMANCE DATA 


Hysteresis, (Average) 
Linearity as required. Change 


cams to obtain de- 
sired characteristics 


Sensitivity 0.14 psi 
Resolution Sensitivity .....+ee5-. 0.002 psi 
Repeatability 

Stroking Speed 

Air Consumption 


Break Frequency (5% of 
instrument pressure range) 


Break Frequency (3% of 
instrument pressure range) 


The above performance data was taken from laboratory 
tests on a Type 657 diaphragm actuator, Size 40, with 
14%” travel. instrument range 3 to 15 psi. 











makes possible the... 


FISHER 


TYPE 3560 


VALVE 
POSITIONER 


Assured product performance through 
DYNAMIC ANALYSIS engineering 


Application of mathematical techniques of design 
to pressure control systems has enabled Fisher to 
eliminate the conventional approach in the de- 
velopment of the new V/P valve positioner. It has 
provided the V/P with the following combination 
of characteristics and performance. . . unobtain- 
able in any other type of valve positioner. 


SMALL AND COMPACT ... only 6%” wide and 8%” 
high (with gauges). 


CONVENIENT ADJUSTMENT ... valve stroke and zero 
adjustment readily accessible and easy to make. 


SPLIT RANGE ...no parts change whatsoever is re- 
quired for split range operation. 


EASILY REVERSIBLE ...reversed by simply moving 
flapper arm from one beam quadrant to the opposite 


quadrant. 


CHARACTERIZED CAMS ...offer wide flexibility in 
valve characteristics. 


Write today for Bulletin E-3560 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 
Marshal/town, lowa / Woodstock, Ontario / Rochester, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA 
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Scanning/Coming Events, from Page 20 


Temperature Symposium Features 228 Outstanding Papers 


PAPERS STILL ACCEPTED FOR PROCEEDINGS 


A total of 228 papers will cover 
temperature measurements in al- 
most every area of the physical, 
biological, engineering, instru- 
mentation and medical sciences 
during the Fourth Symposium 
on “Temperature — Its Meas- 
urement and Control in Science 
and Industry”, March 27-31, 1961 
in Columbus, Ohio. 

Significant emphasis will be 
presented in the automatic con- 
trol of industrial processes, in 
engineering applications of atom- 
ic energy, and in the develop- 
ment of high-speed aircraft and 
missiles. 

Attendance at the Symposium 
is open to all interested persons. 
Advance registration by mail is 
requested in order that suitable 
facilities may be provided. A 
digest of all papers will be mail- 
ed to registrants in advance of 
the meeting. 

Registration hours will start 
at 3:00 P.M., Sunday, March 26, 
in the Deshler-Hilton Hotel. 
Monday through Friday, regis- 
tration will begin at 8:00 A.M. at 
the Veterans Memorial Building. 

Program highlights include a 
special panel on temperature 
standards and calibration set for 
Tuesday evening and a banquet, 
Wednesday at the Deshler-Hilton 
Hotel. 

Publication of the Symposium 
proceedings by Reinhold Pub- 
lishing Corp., will provide a com- 
panion volume to Temperature 
—Its Measuremeni and Control 
in Science and Industry, Vol. 1, 
1941 and Vol. 2, 1955, the records 
of the former svmposia. The 1961 
proceedings will be in three 
parts: Applied, Theoretical and 
Medical. 

Papers which failed to meet 
the deadline for the printed vro- 
gram will still be accepted. Pro- 
spective authors must send ab- 
stracts — approximately 300 
words, three copies — to the pro- 
eram chairman. Dr. C. M. Herz- 
feld, National Bureau of Stand- 
erds. Washington 25, D.C. Post 
deadline papers accepted for 
presentation, even if time per- 
mits onlv reading by title, will 
be eligible for publication in the 
proveedings of the Symposium. 

Registration forms and detail- 
ed information, including trans- 
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portation, hotel facilities and 
dining accommodations, may be 
obtained from V. W. Sikora, ISA, 
313 6th Ave., Pgh. 22, Pa. 

The Symposium is sponsored 
by the American Institute of 
Physics, the National Bureau of 
Standards and ISA. 


TECHNICAL SESSIONS 
Monday, March 27 


P.1 Basic Concepts of Temperature 
(2 papers) 10:30 A.M. 

A.1 Basie Concepts of Temperature 
(3 papers) 1:30 P.M. 

B.1 Thermocouples and Materials (10 
papers) 1:30 P.M. 

B.8 Spectroscepic Methods (11 pa- 
pers) 1:30 P.M. 

D.1 Temperature Instrumentation iv 
Biophysics and Medicine (6 pa- 
pers) 1:30 P.M. 

A.2 Establishment of Temperature 
Scale (3 papers) 3:30 P.M. 

D.2 Physiological Response to Cold 
(5 papers) 8:00 P.M. 


Tuesday, March 28 


P.2 The Temperature Scales (3 pa- 
pers) 8:45 A.M. 

D.3 Physiological Responses to Heat 
(8 papers) 9:00 A.M. 

A.3 Scales at Very Low Tempera- 
tures (2 papers) 11:00 A.M. 

B.2 Thermocouples, Calibration and 
Standardization (3 papers) 11:00 
A.M. 

B.9 Pyrometry, General Topics I (2 
papers) 11:00 A.M. 

A.4 Platinum Resistance Thermom- 
eter Scale (6 papers) 1:30 P.M. 
B.3 Thermocouples, Cold Working, 
Heat Treatment, Nuclear Irradia- 
tion, Special Techniques (10 pa- 

pers) 1:30 P.M. 

B.10 Photoelectric Pyrometer, Gen- 
eral Topics II (8 papers) 1:30 P.M. 

D.4 Tissue Heating and Thermal 
Sensation (7 papers) 1:30 P.M. 

D.5 Temperature in Biophysics (3 
papers) 8:00 P.M. 


Wednesday, March 29 


P.3 Thermocouples — Automatic 
Methods (2 papers) 8:45 A.M. 

D.6 Hypothermia (7 papers) 8:45 
A.M 


B.4 Thermocouples, Surface Tem- 
perature Measurements (5 papers) 
10:30 A.M. 

B.5 Gas Thermometers (4 papers) 
10:30 A.M. 

B.11 Pyrometry, Radiating Gases (4 
pavers) 10:30 A.M. 

A.5 Thermometric Fixed Points, The 
Helium Scale (7 papers) 1:30 P.M. 

B.6 Resistance Thermometers I (10 
papers) 1:30 P.M. 


B.12 Multicolor Pyrometry, Incan- 
descent Solids (11 papers) 1:30 
P.M. 

D.7 Physiological Temperature Reg- 
ulation (9 papers) 1:30 P.M. 


Thursday, March 30 
P.4 Spectroscopic Methods and Pyro- 
metry (2 papers) 8:45 A.M. 
C.1 Temperature Measurement in 
Moving Systems (5 papers) 10:30 
A.M. 


C.2 Temperature Measurement in 
Cryogenics (5 papers) 10:30 A.M. 

B.7 Resistance Thermometers II (8 
papers) 1:30 P.M. 

C.3 Automatic Methods of Tempera- 
ture Measurement and Control (8 
papers) 1:30 P.M. 

C.6 Temperature Measurement in 
Astrophysics (5 papers) 1:30 P.M. 

C.7 Temperature Measurement in 
Geophysics (9 papers) 1:30 P.M. 


Friday, March 31 


P.5 Miscellaneous Methods and Prob- 
lems (3 papers) 8:45 A.M. 

B.13 Miscellaneous Methods I (4 pa- 
pers) 10:30 A.M. 

C.4 Automatic Methods Using Pyro- 
metry (4 papers) 10:30 A.M. 

C.5 Special Sources, Arcs, Image 
Furnaces (6 papers) 10:30 A.M. 
B.14 Miscellaneous Methods (11 pa- 

pers) 1:30 P.M. 
C.8 Temperature in Plasmas over 
100,000°K (6 papers) 1:30 P.M. 





Chicago Selected as Site 
of Power Symposium 


The 4th National ISA Power 
Instrumentation Symposium will 
be held May 8-10, at the La- 
Salle Hotel, Chicago, [linois. 

“Experiences in Power Con- 
trol Systems” is the theme of the 
Symposium, which will be de- 
voted to instrumentation and 
control system in power stations. 

Other session topics include 
furnace protection, optimum in- 
strumentation and the justifica- 
tion for computer and data log- 
ger applications, water purity 
control, control valve problems, 
instrument maintenance train- 
ing, and the logical application 
of transistors, mag-amps, and 
vacuum tubes in power plant in- 
strumentation. 

Henry Van Wassen, Duquesne 
Light Company. is the Symposi- 
um Program Chairman. 

(Please Turn to Page 24) 





you GET MORE VALUE 
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RUCTIO 


SPLIT BODY 


LONG VALVE TRAVEL COMPACT 
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FAST DELIVERY 


LIFT. 


Versatility of the Conoflow LB valve makes it suitable for any control service— 
easy or tough. Write for literature today or contact your local 
Conoflow representative (in all principal cities) for prices. 


CONOFLOW 


SusesiOraRy 


CONOFLOW CORPORATION i 
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$ 
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2100 ARCH STREET, PHILADELPHIA 3, PA. 
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Varian protects 
hydrogen brazing 
operations with 
J-W gas detector 


Construction of Varian Associ- 
ates backward wave oscillator 
tube involves brazing two copper 
tubes with silver eutectic. In the 
operation shown an oxygen flame 
in a hydrogen atmosphere flows 
the eutectic. 

Varian protects against a build- 
up of an explosive gas mixture in 
the shop with a J-W warning sys- 
tem. The indicating 
unit (model RV, 
shown at right) is 
situated in a central 
place and monitors 
nine work stations 
automatically at four 
minute intervals. 


Varian’s explosive gas detector 
system was designed to custom 
requirements. If you have an ex- 
plosive gas hazard in your opera- 
tions, contact Johnson-Williams 
for information on standard models 
and J-W engineering service on 
gas warning systems. 


Sieaseriie 








/ a. Johnson- 


SW Williams, Inc. 


\ Palo Alto 14, California 
~~ -~ 
Leadership in explosion prevention 
since 1927 


Canadian customers please write: 
Safety Supply Co., Toronto, Ont. 
Fleck Bros. Ltd., Vancouver, B. C. 
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Scanning/Coming Events, from Page 22 


IMA Symposium Keynote Speakers Announced 


Radiation Methods of Analysis, 
Gas Chromatography, New 
Techniques of Analysis, and a 
Seminar on Sample Handling 
are among the session topics to 
be presented at the 7th National 
ISA Symposium on Instrumental 
Methods of Analysis, April 17- 
19, 1961, Houston, Texas. 


Featured keynote speaker will 
be Nathan Cohn of Leeds & Nor- 
thrup, and also vice president of 
the ISA Industries Department. 
Mr. Cohn will discuss “Russia 
Revisited”. 


Other keynote addresses in- 
clude: “New Applications of Nu- 
cleonics in Chemical Analysis”, 
W. W. Meinke, University of 
Michigan; “A Pilot Plant for An- 
alytical Instrumentation”, W. A. 
Crandall, Consolidated Edison 
Co. of New York; “Neutron Acti- 
vation Analysis”, F. B. Gray, Ka- 
man Nuclear, Inc.; “Process 
Moisture Measurement Using 
Nuclear Methods”, J. G. Crump, 


Nuclear Chicago Corp.; “A Rapid 
Analytical Method for Partition 
Column Chromatography with 
the Automatic Recording of Col- 
umn Effluents”, Charles Pidacks, 
American Cyanamid Co., Lederle 
Laboratory Div.; “Automatic In- 
strument System for the Chemi- 
cal Analysis of Boiler Feed, Boil- 
er and Condensate Waters”, Rob- 
ert D. Goldberg, Technicon Con- 
trols; “An Instrument for the 
Analysis of Water in Jet Fuels”, 
Michael Gzuha and Kenneth W. 
Gardiner, Bell and Howell Re- 
search Center; “An Instrument 
for the Micro Determination of 
Carbon and Hydrogen”, Herbert 
S. Haber and Kenneth W. Gard- 
ner, Bell and Howell Research 
Center; “Design and Application 
of a Small Volume Plug Valve 
for Gas Chromatography”, 
Wayne M. Crum, Beckman In- 
struments, and “Sampling Tech- 
niques in Gas Chromatography”, 
Dr. J. S. Forrester, MicroTek In- 
struments. 





Papers Invited for Aero-Space Symposium 


Technical papers on space, un- 
derwater, missiles, aircraft, bio- 
medicine, and air traffic are still 
invited for the Seventh Aero- 
Space Instrumentation Sympo- 
sium, April 30-May 4, 1961, in 
Dallas, Texas. 

Topics for most of the morn- 
ing sessions have been set; how- 
ever the afternoon sessions, in 
the form of workshop discus- 
sions, are still open to authors 
interested in submitting papers. 

Committee heads are: general 
Symposium chairman: Lou J. 


Pulp & Paper 
Symposium 


The techniques of the pulp and 
paper industry will be examined 
during the National Symposium 
on Pulp and Paper Instrumenta- 
tion, May 10-12, 1961 in Green 
Bay, Wisconsin. 

In addition to the technical 
papers, the Symposium will fea- 
ture panel discussions, evening 
discussion periods, a mainten- 
ance clinic and management 
workshop. 

The meeting is co-sponsored 
by ISA and TAPPI. 


Mertz, Convair; program chair- 
man: Walter J. Gabriel, Convair; 
facilities chairman, Arnold (E. 
A.) Tanner, Minneapolis-Honey- 
well; publicity chairman, Francis 
M. Eckert, Chance-Vought, and 
finance chairman, Edward F. 
Rutchmann, Convair. 

Address all inquiries, abstracts, 
manuscripts and topics for work- 
shop discussions to: Walter J. 
Gabriel, Program Chairman, 
Aero - Space Instrumentation 
Symposium, P.O. Box 321, Ar- 
lington, Texas. 





Painchaud Developer of 
L-A Standards Program 


Theme of the Measurement Stand- 
ards Division sessions at ISA’s 16th 
Annual Instrument-Automation Con- 
ference/Exhibit in Los Angeles next 
September 11-15 will be “Economic 
Evaluation of Measurement Standards 
Programs.” Sessions developer and 
liaison man between ISA and the 
Precision Measurements Association 
is Phillip Painchaud, supervisor, Elec- 
trical Calibration Standards Labora- 
tory, Nortronics, 500 E. Orangethorpe 
Ave., Anaheim, Calif. Readers with 
papers, ideas or discussions to con- 
tribute please write Mr. Painchaud. 

There also will be meetings of the 
various technical and functional com- 
mittees of the Measurement Stand- 
ards Division which are listed in the 
organization chart. Readers having 
measurement standards material for 
formal or informal presentation please 
contact the appropriate committee 
chairman or division director for 
guidance before preparing your pa- 
pers. 














SCANNING 


4 NEW HARDWARE 





Solids Mass Flowmeter 


A breakthrough has_ been 
scored by Ohmart Corporation 
with the announcement at the 
ISA NY Show of their nuclear 
mass flowmeter for dry solids. 
It opens the attractive possibil- 
ity of fast, continuous measure- 
ment, integration, and automat- 
ic tight-loop control of powdered, 


Ohmart engineers ready their first 
solids mass flowmeter for shipment to 
a cement mill, where it will measure 
flow of dry powdered rock. 


granular or crusher-solid proc- 
ess streams. With no moving 
parts, and offering completely- 
unobstructed flow, it promises 
more reliable, trouble-free meas- 
urement than scales, weightbelts 
or other previous methods. 

The new flowmeter works on 
the “Bremstrahlung effect”: sec- 
ondary X-radiation caused by 
beta rays impinging on the solid 
material passes through it to a 
cell on the opposite side. Amount 
of X-ray transmission is propor- 
tional to amount of material 
passing at any instant. 

First installation: mass flow- 
metering of powdered rock to a 
cement kiln. Correct rock flow 
will improve cement quality and 
up kiln production. Other appli- 
cations are envisioned in plas- 
tics, chemicals, ceramics and 
food. Price of new flowmeter: 
approximately $4500. 








Now... 
Robertshaw’s 
Expanded 
Line 

Provides 


‘@e\\ 5 Ta) 


FOR 
ALMOST 
ALL 
FLUIDS 


We've stepped up our service in the valve field... 
and whatever fluid you’re controlling, there’s a good 
chance a_ Robertshaw precision-actuated valve will 
handle it. 


New features . . . like our high-lift actuators, en- 
closed spring, and greater-area diaphragms ... give you 
needed accuracy and serviceability, along with the rug- 
gedness, simplicity and economy you've always received 
from Robertshaw. 


* Diaphragm and bellows actuators 

* Two bellows areas—four diaphragm areas 

* Reinforced Buna-N moulded diaphragm 

* Single-seated, double-seated, three-way 

* Quick opening, linear, equal percentage inner 
valves 

* Choice of body and trim materials 

* Union, screwed, flanged, welding ends 

° Sizes 44” to 10” 

* Pneumatic or hydraulic operation 


Complete specifications in Folder CU-762. Write today. 


® 


MR. CONTROLS 


Robertshaw-Fulton Controls Company jim ae 
FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNE 
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ACRES ARE 


Specify Radiamatic Infrared Detection Systems 


for dependable, economical temperature measurement and control 


For more than 20 years, Radiamatic Infrared Systems 
have been giving reliable, accurate service in every area 
of industrial temperature measurement and control. Over 
the years Honeywell has developed special infrared tech- 
niques and equipment for a wide range of applications, 
including heat treating furnaces, soaking pits, induction 
heating and melting furnaces, forging furnaces, high- 
speed salt baths, kilns, and many others. 


The key to the high accuracy and low cost of these sys- 
tems is the Radiamatic Infrared Detector. Available in 
many models with a full line of accessories, these de- 
tectors measure temperatures from 200°F up to 7000°F, 


| moweun ly 
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A complete line of Honeywell instruments and accessories 
assures you of both economy of selection and a control 
system tailored exactly to your temperature requirements. 


Your nearby Honeywell Field Engineer will be glad to 
discuss your temperature measurement and control prob- 
lems with you. MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pennsylvania. 


Honeywell 
Li ons in, Cortiol 


SINCE 18865 
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NOW AVAILABLE 


The same unique design that made 
the P-K Paul Venturi Control Valve 
the most efficient throttling control 
valve ever devised for critical appli- 
cations has been incorporated into 
the new Series G line of P-K Paul 
Control Valves. 


IN ADDITION TO LOWER COST 


You Get: 


@ Higher Flow Capacity 


@ Rangeability Over 100 
to 1 


@ Positive Shut-Off 
@ Non-Turbulent Flow 


@ Low Operating Thrust 
@ Self-Purging Action 


@ Resistance to Erosion and 
Abrasion 


Write today for 16 page catalog GV102 


General Kinetics Corporation 


197 South Van Brunt Street - Englewood, New Jersey 
LO 7.3803 - TWX: ENGL NJ 1005 

LICENSEE IN THE EASTERN HEMISPHERE: 

JAMES GORDON VALVES, LIMITED * ROCHESTER * KENT 

A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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SCANNING 


& APPLICATIONS 


X-Ray Inspection 





Cuts Cropping Loss 


Oil and gas users demand rigid 
specifications in the steel pipe 
they buy. To be certain every 
piece of its seamless tubing is up 
to spec from end to end, Colora- 
do Fuel & Iron uses X-ray gages 
to determine exactly how much 
of the ragged or under-tolerance 
ends of its extruded pipe shall 
be cropped off. 

After straightening, each piece 
is dropped onto motorized rolls 
directly in front of the X-ray 
carriage (Figure 1). Interruption 
of a light beam by the pipe trig- 
gers a photocell unit to start 
the automatic scan. A pencil-thin 
X-ray beam transmitted through 
one pipe wall is picked up by a 
long rod-like probe mounted on 
a hydraulically-actuated carriage 
(Figure 2). As the probe ad- 
vances, the pipe is rotated on its 
rolls, producing a spiral inspec- 
tion path about 5 feet into each 
end of the pipe. 

A computer console calculates 
amount of X-ray transmittance, 
converts it into wall thickness, 
and indicates it to the human 
operator. Then, in turn, it ac- 


Figure 1. Console of XactRAY 
gage, made by Weston Division, 
Daystrom, Inc., is on left, car- 
riage center, and probe (indicated 
by white arrow) is about to enter 
rotating pipe. This gaging stand 
inspects and marks automatically 
a from 5 to 9% inch OD at 
our per minute. 





MINIATURE 
3 PEN RECORDER 


NICKEL- CADMIUM BATTERY RESERVE — 
POWER SUPPLY MODULE —_ 


INPUT TERMINALS 


TORQUE MOTOR AND TRANSDUCER 


Figure 2. X-ray pick up probe, 
mounted on hydraulically-driven 
carriage, entering the pipe. Note 
photo source and cell (right and 
left of pipe end) and spray gun 
(above right). 


tuates a spray nozzle which 
paints white as much of the pipe : ° eH 
end as is below specified thick- Toe} > bl | Z 
ness, and should be cut off. The bie: . v. ne ee 
measured and marked pipe next Ps | *. y A 
goes to a cutting machine for - 4 napa sieereoonns 
cropping. meth 4 “ 4 Se L- SPAN INDUCTIVE ADJUSTMENT 

In addition to guaranteeing Rees ikea 
CF&I’s customers only top qual- ' ; 
ity pipe, this fully-automated X- a 
ray gage makes big savings in 
production and time. Without 
the gage, every pipe length 
would have to be hand gaged. 
Then, depending on its length 
and size, from 1 to 5% of each 
end of the pipe would be 
cropped. A second hand gaging 
might find more _ below-spec 
walls, necessitating a second cut. 
By eliminating repetitive hand 
gaging, X-ray inspection obvi- 
ates such recutting, and greatly 
reduces space, crane service and 
labor required. Excessive crop- 
ping also is eliminated, maxi- 
mizing production of useable 


pipe. 


TYPICAL FUNCTION MODULE 





CALIBRATING ADJUSTMENTS 





Are You A Member 
In Good Standing? 
494 GLENBROOK ROAD 


lf you have not yet paid your 

1961 ISA dues (due Nov. 1, pp) = Vs 4% = ae gern ota ee 
1959) you are not in good SYSTEMS INC. 

standing. Maintain your ISA 
membership obligations by 
mailing your dues payment 


today to ISA Headquarters. 
CIRCLE NO. 22 ON PAGE 112 
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HUNDREDS OF BASIC 
EMCOR STANDARD 
FRAMES TO BUILD YOUR 
) ENCLOSURE SYSTEM 


Just a few of the thousands of control center 
combinations, attained through the use of the 
EMCOR MODULAR ENCLOSURE SYSTEM, are 
illustrated here. The ultimate in enclosure flexibil- 
ity is available through hundreds of EMCOR 
Standard Basic Frames and thousands of com- 
ponent parts. The EMCOR Fine Line of Quality 
features simplicity in assembly. With a standard 
screwdriver, you can assemble a control center 
to meet your electronic, instrument or electro- 
mechanical housing problem. You eliminate cost- 
ly enclosure design time and modification of 
custom type units. Only EMCOR, the originator of 
the Modular Enclosure System, provides the ul- 
timate in design, beauty, rugged structural capa- 
bilities and quality controlled craftsmanship in 
the fabrication of metal enclosures. Let EMCOR 
“Know-How” serve and save for you! 


Condensed Version of Catalog 
106 Available Upon Request. \ 





Originators of the Modular Enclosure System 


INGERSOLL PRODUCTS 


Division of Borg-Warner Corporation 
Elgin, Ill 


Congdor . Dept. 1222 


BORG-WARNER 
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DATA HANDLING 





Thin-Witted Computer 


After several years’ work at 
their Minneapolis Research Cen- 
ter, Minneapolis-Honeywell sci- 
entists have produced magnetic 
thin-film memory units less than 
40 billionths of an inch thick, in 
reliably uniform quantities. Al- 
ready they have achieved mem- 
ory speeds of billionths of a sec- 
ond (nanosecond) with these 
thin-film devices. 


At present, perfection of these 
memory units is sufficiently ad- 
vanced that they now are being 
designed into hardware for spe- 
cial-purpose airborne computers. 


The greatest advances will not 
be realized until these thin-film 
devices are combined with the 
most advanced microminiaturi- 
zation. 


For EDP applications, a pres- 
ent significant limiting factor is 
their high cost. M-H will con- 
tinue work in thin-film tech- 
niques until they become eco- 
nomically feasible in high speed 
EDP systems and computers. 


To measure accurately the thick- 
ness of their new magnetic thin- 
film — and thickness is the im- 
portant factor determining its 
performance in computer mem- 
ories — M-H scientists must use 
light of carefully controlled wave- 
length. Here, Honeywell research- 
er Burton Gran is about to take a 
photomicrograph of a film only 
1/75,000th the diameter of human 
hair thick! Sample disks are the 
round objects on near edge of mi- 
croscope stage. 





Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window ... 
where measured values appear as a row of 
digits with a scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accurag¢y of 
+ (0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 uv) with ref. jct. comp. Write 
for Data Sheet E-33(1A). 


8686 Millivolt 

Potentiometer 
8690 Millivolt 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout’, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


4 time-saving 
instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... 
8692 and 8693 
Temperature 
Potentiometers 


If you want to make a variety f 


of temperature measurments 
quickly with one flexible 
instrument, investigate the 
new time-saving 8692 Single- 
Range or 8693 Double-Range 
Temperature Potentiometers. 
Available in any of 24 inter- 
changeable temperature and 
millivolt ranges, these instru- 
ments read directly in degrees 
F or C on a scale 272” long. 
Convenience features include: 
simplified range changes... 
only a screwdriver is needed 
to change a circuit panel, 
scale and binding post studs; 
automatic reference junction 
compensation . . . reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ... 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 
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Need a _ fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 
Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms . .. ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 uv/mm (0.3 pv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


9834 Guarded 
D-C Null Detector 


& 8 Sd 
. * 
LEEDS ... NORTHRUP 


4929 Stenton Ave., 


Philadelphia 44, Pa 
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And Now—An All-Magnetic Computer 


Stanford Research Institute’s computer tech- 
niques lab has come up with a new magnetic 
multi-aperture device called “MAD” that promises 
smaller, cheaper, more-flexible and more-reliable 
digital computers. Their log system design in- 
cludes nothing but MAD elements and connecting 
wire—no tubes, no transistors, no relays! 


Early digital computers used relays exclusively. 
Later machines used vacuum tubes; still later 
models employ transistors. Memories of many 
late-model machines use tiny magnetic toroidal 
(doughnut-shaped) ferrite (iron-oxide) cores be- 
cause they are inexpensive, very fast and ultra- 
reliable. But such cores would not work in logic 
circuits since data can flow through them in both 
directions. So, to make the cores unidirectional, 
designers had to attach solid-state diodes, or tran- 
sistors and resistors. This limited overall compu- 
ter performance and reduced reliability. 


Now SRI researchers have scored a true break- 
through with their MADs which are inherently 
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First MAD 
computer was 
kept small 

to study its 
feasibility. 

Insert shows 
Multi-Aperture 
Devices (MADS): 
note four extra 
holes. 


unidirectional to data flow. They look just like 
conventional magnetic cores except for their four 
extra holes (see insert). 


Sponsored by the Air Force Cambridge Research 
Center, an SRI team has used 650 MADs in an all- 
magnetic computer that will add, subtract and 
multiply. Advantages: 1. Fully operable at ra- 
diation levels that bar transistors. 2. Data readout 
by lights powered directly from the MADs—i.e., 
nondestructive of the information held in the mag- 
netic elements — a big help in debugging and 
troubleshooting. 
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Little wonder that so many leading U. S. and Canadian firms 
have already reserved space for the ISA Summer Instrument- 
Automation Conference and Exhibit! Thousands of engineers, 
scientists, technicians and executives, unable to attend previous 
ISA Shows because of distance, will be present at this — the Ist 
International ISA Show ever held in Canada. Technical sessions 
will include papers describing the latest instrumentation tech- 
niques and developments. 


During 1961, the Instrument Society of America will 
Joke} co u-bele behn-) wet-hatedet- am Orebebd-busbelel-mr- Belem Jp cebledamm se! 


TORONTO 


INSTRUMENT 
SOCIETY 
of AMERICA 


313 SIXTH AVENUE 
PITTSBURGH 22, PA. 
ATlantic 1-3171 


Sponsor of successful 
Instrument-Automation 
Conferences and Exhibits 
for over 15 years. 


Penetrate new market areas of Canada [J Toronto area holds 1/3 of Canadian 
purchasing power MM Toronto, the major commercial and financial center of 
Canada # More and more U. S. firms expanding into rich Canadian markets 
@ Meet key buying influences from the U. S. and Canada # No faster or 
more economical way of selling instrumentation equipment, systems, automatic 
controls and related products, than by exhibiting at this ISA Show. 


ISA Summer Instrument-Automation Conference and Exhibit 


JUNE 5-8, 1961 


EXHIBIT — QUEEN ELIZABETH HALL 
CONFERENCE — THE ROYAL YORK HOTEL 


Exhibit space is on a first come - best location basis. Choice space goes fast. 
To reserve space or for further information write to Instrument Society of America. 
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NEW 
DEHYDRATOR 


vo 


for “instrument-pure’ 
compressed air. 


The WILKERSON 


“Chem-Guard” 
package provides 
micro-clean, dehy- 
drated oil-free air 
only where needed 





New Exclusive Features 


% LOWEST PRICE for package, applica- 
tion and _ installation. No electrical 
water or sewer connections needed. 


%& DEPENDABILITY of the ‘‘Chem-Guard”’ 
dehydrator assured because of no mov- 
ing or mechanical parts. 


SIMPLIFIED, ECONOMICAL, SERVIC- 
ING—No draining or reactivation is 
necessary. Exact amount of replace 
ment chemicals available in vacuum 
packed cans. 


BUILT-IN VISIBLE INDICATOR shows 
color change when servicing is re- 
quired. 


Choose the non-corrosive chemical 
to suit your needs 

a) reduce dew point to —40° F or 
b) reduce dew point to 100° F or 


(c) remove traces of oil to 10 parts per 
million 


WRITE TODAY for complete in- 


formation on the NEW “Chem-Guard”. 


ILKERSON 


ese] Ste] 7 Valel, 


Dedicated to keeping the NEW in pNEUmatica 


1636 W. MANSFIELD, ENGLEWOOD, COLO 
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Strain Gage Replaces 
Potentiometer Sidewire 


Of interest to engineers, scien- 
tists and engineers in practically 
every phase of instrumentation 
is the introduction of a revolu- 
tionary new kind of potentiome- 
ter by Brown Instruments Divi- 
sion of Minneapolis-Honeywell 
Regulator Co. The “revolution” 
in this new self-balancing elec- 
tronic potentiometer is that an 
electro-mechanical strain gage 
element (photo) replaces the 
conventional slidewire as the re- 
balancing element. M-H claims 
the unit will give infinite resolu- 
tion with continuous balance, in- 
creased sensitivity, higher speeds 
of operation and freedom from 
effects of vibration. 


The strain gage system, called 
the “stranducer”, is enclosed in 
an I-shape frame which supports 
and anchors internal compo- 
nents. Four looped-wire strands 
form the variable resistance legs 
(wheatstone bridge) of the 
measuring circuit. These are at- 
tached to an insulated block at 
the base of the I-frame. The up- 
per section of the I-frame houses 
a horizontal torsion pivot with 
a hub over which the four wires 
are looped. An arm attached to 
this hub is driven by a cable 
linked mechanically to the bal- 
ancing motor and pen carriage. 
A change in the input drives the 
motor in one direction or the 
other, increasing tension on two 
of the strain gage wires and de- 
creasing it on the other two 
wires. This changes the electri- 
cal resistance of the wires and 
continues to change until the 
bridge is electrically rebalanced, 
at which point the motor stops. 
Each position of the balancing 
motor and pen carriage corre- 
spond to a specific degree of piv- 
ot arm rotation and a corre- 
sponding bridge resistance. 


This new potentiometer fea- 
tures a stray signal rejection cir- 
cuit, and thermally compensated 


John McGhee, design engineer for Brown 
Instruments Division of Minneapolis- 
Honeywell, checking the strain gage 
measuring elements in the new M-H 
Electronik 17 potentiometer. A product 
of his idea, this unique measuring system 
replaces the rebalance slidewire used in 
conventional potentiometers. 


electrical networks to minimize 
zero shift due to temperature 
change. Only one reference junc- 
tion device establishes true cold 
junction compensation for all 
types of thermocouples. A cas- 
caded zener diode network pro- 
vides a constant current to the 
measuring circuit, thus eliminat- 
ing periodic standardization. 


Modular construction is a fea- 
ture of this new instrument. The 
measuring circuit can be changed 
by substitution of range cards 
or actuation boards. The input 
impedance of the input circuit 
and voltage amplifier is in ex- 
cess of 100,000 ohms. The Elec- 
tronik 17 line is being introduced 
with three basic models—strip 
chart, circular chart, and circu- 
lar scale indicator. Calibrated ac- 
curacy is +%4%. Pen speeds 
range from 1 to 15 seconds full 
scale. Cost is reported to be from 
15 to 25% less than a comparable 
conventional potentiometer. 





Here’s the only X-Y instrument today that gives 
you extremely fast response time — direct, large area 
recordings — 1% linearity: the SANBORN MODEL 
670A X-Y RECORDER. The capabilities of the 
670A make it particularly valuable in such applica- 
tions as rapid recording of diode and transistor charac- 
teristics ... hysteresis curves for control systems, 
gyros, servo valves, magnetic coils; velocity or 
acceleration vs. vibration of mechanical elements. 
Inputs to each axis are through interchangeable 
**850”’ series preamplifiers, and can range from micro- 
volts to volts. With Model 850-1500A Low Level pre- 
amplifiers, 62.5 uv gives a 1”’ chart deflection; with 
Model 850-1300B DC Coupling preamps, 31.25 mv 
gives 1”’ chart deflection. To record 
one variable against time on the 
X-axis, the Model 670-800 Time 
Base Generator is also available. A 
plug-in MOPA is available to supply 
fixed frequency excitation to pre- 
amplifiers. 
Recordings are made on 8” x 8” 
daylight-loading, ultraviolet -sensi- 
tive charts by an optical (light beam) 


recording system. The trace may be monitored on 
phosphorescent screen before recording, beam intensi- 
ty is adjustable for maximum sharpness, and X and Y 
axes may be recorded directly on the chart. Brief post 
exposure in room light develops the record. 
SPECIFICATIONS 

Input: single-ended or push-pull 
Input Impedance: 5 megohms from each high input 
terminal to ground with 850-1300B preamplifier 
Frequency Response: to 130 cps within 3 db at 8” 
peak-to-peak deflection 
Sweep Rates with Time Base Generator: from 0.01 to 
2 seconds 
Output Drift: 0.04 inch hour with 850-1300B 
Packaging: Optional cabinet 21!” 
x 20” x 20” high, or can be rack 
mounted in 15°," of panel space 
Power Requirements: 450 watts, 
115 volts, 60 cycles AC 

Ask your local Sanborn Sales- 
Engineering Representative for com- 
plete information on the Model 
670A X-Y Recorder, or write the 
Industrial Division in Waltham, 
Massachusetts. 





Record 10Oth-of-a-second 
X-Y variables directly 


i 
| 


HYSTERESIS IN MAGNETIC COIL. 
This plot of magnetomotive force vs. flux 
density was recorded on the Sanborn 
Model 670A X-Y Recorder. The complete 
trace was made in 1/60th sec. 


Ser 


SAN BORN 
COMPANY 


INDUSTRIAL DIVISION 
4175 Wyman Street, Waltham 54, Massachusetts 
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e at 2500"/sec. writing speeds 
e on 8" x 8" charts 

e with 1% linearity 

e from microvolts to volts 
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For Speed Where It Counts in New ‘NLS 30’ Digital Voltmeters 


MODEL V3SA DIGITAL VOLTMETER 
Men: om 


Transistorized “no-needless-nines” logic makes the new V35A and V34A digital voltmeter-rati- 
ometers at least three times faster than meters with older type logic . . . and you get this speed where 
it counts, in systems applications with varying input signals. The five-digit V35A’s maximum bal- 
ancing time is 2.3 seconds and the four-digit V34A’s 1.9 seconds — no matter how much the input 
signal varies. Under like conditions, all other stepping switch digital voltmeters require 10, 15, 20 
seconds or more — depending on variation of inputs. Only NLS new Series 30 instruments offer you 
the many other benefits of “no-needless-nines” logic, plug-in oil-bath stepping switches, 99% plug-in 
modular construction, and eight other new features. Contact NLS today for the full story on “no- 
needless-nines” logic and Series 30 instruments. 

V35A SPECIFICATIONS: Measures DC voltage from +0.0001 to +999.99, DC voltage ratio from +00.001% to +99.999% 

. accuracy: +0.01% of reading or +1 digit for DC voltage, +0.005% of reading or +1 digit for DC ratio... output and 
internal automatic controls for data recording . .. measures AC voltage and low-level DC with accessories . . . completely 
automatic . . . plug-in transistor circuitry throughout, including logic . . . no adjustment needed to read noisy signals or to 
change ratio reference voltage value . . . interchangeable plug-in stepping switches sealed in oil... the “Factual Fifth 
Figure’, which means a full S-digit resolution of 0.001% over the entire range .. . ‘““No-Needless Nines” logic . . . remote, 
local, or automatic AC/DC switch-over and range changing ... front and rear input connectors ... 10 megohms impedance 
on DC voltage, 1000 megohms on voltage ratio . . . $3,750, complete. V34A (4-digit version) is $3,150, complete. 


Originator of the Digital Voltmeter 


e * 
non-linear systems, ine. vet mar, caLirorniA 
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Radical 
Change In 
Concepts 


EDITORIAL 





A paradox in human behavior is the resistance to change, despite the continual 
change in every aspect of human activity. One instinct tells man not to endanger his 
security and relative position with change, yet another urges him toward new horizons 
for fame, fortune and contributions to a better society. Unfortunately our social and 
political society is killing the positive aspect of this paradox. It is convincing more 
and more men that they are guaranteed a superior standard of living just because they 
exist in the U.S.A. The large industrial community and urban organization are breed- 
ing and cultivating a semi-educated, complacent populace with a false sense of secur- 
ity. The politics and red-tape of big-business and big-government are killing enthu- 
siasm and cultivating yes-men. Those with bold new ideas are short-circuited to the 


conventional and routine. Too many of us want to play-it-safe. 


This state of condition certainly does not contribute to a stronger position in world 
affairs. International events continue to indicate that our war with Communism will 
intensify on the political and economic fronts, as equal military potentials reduce the 
possibility of mortal combat to a stalemate. We must continue to be prepared with 
the most modern military forces and weapons, and not be lulled into the position that 
military strength alone will deter the enemy. Equally important, we must not be de- 
luded that our present industrial capacity and economic position will guarantee victory. 
Rapid progress by the rest of the world in education and industrial development leaves 
us little room for comfort. Many countries can profit by our experiences, and leap-frog 


to more advantageous positions. 


What can we do to maintain our standard of living and still compete in the world 
market? How can we move quickly to new positions in our social, economic, indus- 
trial and political structure? Bold new thinking, imagination and radical changes in 
our concepts are needed. We must be convinced that revolutionary changes are needed 


What are some of the typical areas where we can let our imagination run wild? 


Why not re-examine the total concept of reliability in complex electronic systems? 
It is said that our approach to more reliable systems is not in inspection and refine- 
ment of manufacturing, but in radical changes in design and construction. Reliability 
seems to have a low status in terms of research and development. Why worry about 
better controllers for chemical and petroleum processes? Why not design a completely 
new process with inherent self-regulation which utilizes the potentials of high tempera- 
ture and nuclear radiation? In this day when millions of pages of scientific literature 
are printed, why not consider a central agency for information storage, indexing, ab- 
stracting and retrieval? New concepts of government, education, communication and 


transportation are urgently needed. 


Perhaps the biggest problem will not be to generate new concepts, but to overcome 
the pressures and resistances of tradition, habit, dictatorial management, politics and 


complacency. 


Chctite 


Edstor 
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Cover: The numbers on the cover 
are significant to measurement 
standards: 1,650,763.73 times the 
wave length of krypton-86 is the 
new international standard for 
the meter (length); 
1/31,556,925.9747-ths of the solar 
year 1900 defines the international 
second (time); 273.16°K, the 
“triple point of water,” is the 
international standard for 
temperature; +12% is designed 
accuracy of National Bureau of 
Standards’ 1,500,000 psi dead- 
weight standard soon to be 

built at Gaithersburg, Md. 
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In THE LAST FEW YEARS, the rapid advance of US technology 
has made ever more apparent the gap between what we are doing in 
measurement science and what is required if our technical progress is 
to continue. 


Obviously, we must close this “measurement gap” as quickly as possible. 
This must be the concern of every researcher, educator, manufacture 
and user of industrial and scientific products; it already is the deep con- 
cern of the US military; and it should be the especial concern of every 
instrument engineer. This special issue of the ISA Journal, wholly de- 

voted to the subject of measurement stand- 
ards, is published to focus attention on this 
measurement problem and to help initiate 
action to solve it. 


As you will read in this issue, the “meas- 
urement gap” concerns almost every phase 
of instrumentation: formal and_ technical 

education, design and manufacture of instruments, concepts of operation, 
and understanding of the role of measurement standards and _ instru- 
ments in science and industry. 


An important first step in solving this problem is recognition by govern- 
ment and industrial management that there is a problem. We are making 


progress, but greater effort is needed. Many standards laboratories have 
been established to meet specific needs in defense and industrial opera- 
tions. The National Bureau of Standards, technical societies, and other 
special groups are working on problems from their particular points of 


view. 


Because instrumentation is a common denominator threading through 
every industry and technology, it is fitting that ISA play a leading role 
in closing the measurement gap. By this special issue and other activities, 
ISA hopes to indicate an approach to the total problem, to define the 
critical needs, and to establish a plan of action. 


ISA’s new Measurement Standards Division is a framework around 
which organized effort can develop. The work preliminary to organiza- 
tion of this Division was carried on in the Physical and Mechanical Meas- 
urements Division. Much credit goes to Mills Dean III, its director, and 

Ralph Bowen and S. C. Richardson, associate directors, for their in 
creasing efforts to focus attention on the need for this activity within 
ISA. Our thanks go also to the several authors who contributed generously 
of their experience and time to bring you the contents of this issue. And 
this special issue would not have been possible without the patient and 
persistent efforts of our international headquarters staff. 


Succeeding issues of the ISA Journal will carry outstanding articles on 
measurement standards. We hope this editorial coverage will serve to 
inform you and to encourage your participation in our new Measurement 
Standards Division and its efforts to close the “measurement gap.” 


Croll Encbrink 


(Battelle Memorial Institute) 
Director, ISA Measurement Standards 
Technical Division 
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Taking the Measure of Space 


RECENTLY A JOURNALIST asked me, “Don’t NASA 
satellites and probes do anything but measure—measure 
solar radiation, micrometeoroid density, measure this, 
measure that—like a series of electronic inch worms 
in space?” 

While my friend was joking, of course, he spoke more 
truth than he realized. Nearly all NASA scientific ex- 
periments do measure the characteristics of upper at- 
mosphere or space. 

NASA’s chief means for tracking, and for receiving 
data from its spacecraft, is telemetry — the technology 
of measuring at a distance. Although telemetry is some 
50 years old, government work in the field has led to 
great advances, enabling us to bring the earth’s im- 
mediate environment and some of the universe into 
much sharper focus. Our telemeters have become enor- 
mously sensitive: we received messages from 22,500,000 
miles deep in space from NASA’s Pioneer V probe, 
launched last March. 

Typical of NASA’s present measurement require- 
ments are the devices packed into Explorer VIII, orbitted 
November 3, 1960. These were: 1. a radio-frequency 
impedance probe to compare measured capacitance of a 
sensor (a dipole antenna, with arms 10 feet long) to its 
free-space value; 2. a single-grid ion trap to determine 
ion concentration and mass distribution; 3. four multiple- 
grid ion traps to measure positive ion concentration 
and mass distribution; 4. a Langmuir probe to measure 
electron temperature; 5. an electric field meter to meas- 


"Why are better standards needed ?” 


DR. T. K. GLENNAN 
Administrator, National 
Aeronautics and Space 

Administration 


ure vehicle surface-charge distribution; and 6. a micro- 
meteoroid photomultiplier to (a) measure light energy 
of micrometeoroid hits and relate this energy to the 
kinetic energy of the particle, and (b) determine the 
erosive effects of micrometeoroid impacts. 

Proud as we are of our space technology, we must also 
be sensible to its failings. The demand for precision 
measurements is outstripping the best that US science 
and technology can provide. For upcoming space ven- 
tures, NASA needs to measure such things as engine 
parts to one-millionth of an inch tolerance, and rocket 
engine thrust to %% accuracy at one million pounds! 

We must not only equal or surpass the best our 
adversary can do in space exploration; we must far 
surpass the best that we have done. By measurements, 
we shall chart the highways for manned flight into space 


Standards—Fundamental to Science 


THIS SPECIAL MEASUREMENT standards issue of 
the ISA Journal emphasizes the importance of this 
subject to basic as well as applied research. New devel- 
opments in many fields, ranging from observations of 
distant galaxies to studies of molecular biology, are 
possible because measurement tools, techniques, and 
standards of heretofore unbelievable accuracy are now 
available. The future, in this fundamental area of meas- 
urement standards, will require even greater imagina- 
tion, dedication, and care. 

The National Bureau of Standards is, of course, the 
federal agency with primary responsibility in the field; 
its many significant accomplishments render an invalu- 
able service to all science. Private industry, too, has 
contributed notably to standards for solving measure- 
ment problems in the many advanced technical projects 
of today; these often turn out to be useful to basic 
scientists as well. 

A primary responsibility of the National Science 
Foundation is support of the highest quality basic scien- 
tific research. Scientists undertaking such research are 


DR. A. T. WATERMAN 
Director, The National 


Science Foundation 


aided immeasurably by fine, careful, systematic meas- 
urements and standards applicable in the‘r fields. Their 
results, in turn, contribute fundamentally to the tech- 
nological progress of the nation. The Instrument Society 
of America renders a significant service by devoting an 
entire issue of its Journal to a subject that is funda- 
mental to the progress of all science. 
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Standardization—An Industry Must 


IN THE COMPLEX technoicegical world of industry, 
the problem of improvement vs. _ standardization 
becomes increasingly acute. Those most concerned 
with instrumentation and automation primarily want an 
immediate, unique, and specific result. Generally this 
interest is so all-consuming that standardization either 
is not considered at all or is treated lightly. For this 
very reason, the instrument supplier must emphasize 
standardization to achieve the best long-range flexibility. 

This special measurement standards issue of the ISA 
Journal will do much to make both the project engi- 
neer and the instrumentalist aware of the necessity for 
absolute as well as relative measurements, and the ad- 
vantages to be achieved by standardizing instrument 
components. 

The history of engineering demonstrates so well the 
value of absolute standards of measurement that it 
seems unnecessary to dwell thereon. However, as each 
generation of engineers comes along, it must be speci- 
fically educated in this area. Certainly the educational 
values of an issue of the ISA Journal devoted to meas- 
urement standards will do much to refresh the older 
generation and educate the new. 

In simple linear measurement, we know that absolute 
standards are essential to mass production of mechanical 
devices, be they automobiles, rifles, or sewing ma- 
chines. But many engineers do not yet have quite the 
same appreciation of the need for absolute standards 
in electro-mechanical instrument components. While 
most instrument makers do appreciate this, even a 


DR. A. B. KINZEL 
Vice President—Research 
Union Carbide Corp. 


single failure to observe an absolute standard can be a 
plague in the future. 

We at Carbide attach great importance to application 
flexibility of process equipment and instrumentation. 
When a particular product becomes obsolete, it is not 
uncommon to modify the processing equipment to 
produce another product. Such modification can be 
economical only if the components are based on absolute 
standards; and the greater the accuracy, the more 
feasible is modification, This applies to instruments as 
well as to heavy equipment. 

So the matter of absolute standards of measurement 
does demand the spotlight, and I thank and compliment 
the ISA Journal on putting this subject so clearly and so 
emphatically before the instrument profession. 


Measurement Standards in Weaponry 


ACCURATE MEASUREMENT long has been indis- 
pensable to military logistics: measuring accuracy has 
been vital to producing military equipment and to its 
operation, as well. It has enabled the mass production 
in widely separated factories of the great volume of 
weapons and ammunition needed in war. 

With today’s much more complex military equipment, 
ever tighter tolerances are imperative, not only as a 
manufacturing convenience, but to the performance and 
reliability of the weapon itself. And the burden on 
manufacturing instrumentation is made still greater 
when these accuracy requirements of modern weapons 
are combined with the need to disperse our industry. 
The loop system of calibration becomes more important 
both in degree of accuracy and extent of use. 

In research and development, extreme accuracy of 
measurement grows ever more necessary, and the need 
for measurement devices and techniques increases both 
quantitatively and qualitatively. We recently took ac- 
count of this quantitative need by granting $3 million 
to some 60 universities across the country for acquisi- 
tion of measurement equipment for their materials 
research contracts, and necessary research and training 
programs, in advanced academic work. A second round 
of this program is now continuing at the same order of 
magnitude. Likely, some action of this kind will be 
needed for years to come. 
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DR. H. F. YORK 
Director of Defense 
Research and Engineering 
US Dept. of Defense 


We find increasing need today for expensive meas- 
urement devices such as nuclear magnetic resonance 
apparatus, electron microscopes and electron probes, and 
the use of isotope techniques. 

Undoubiedly, it is good for the country that this issue 
of the ISA Journal is devoted to Measurement Standards. 
There is need for the talents of the instrument industry 
and for improved availability and use of many of its 
products. Above all, the Department of Defense in the 
foreseeable future will require a considerable increase 
in the extent of tools for measurement and an increase 
in the degree of precision that these tools are able to 
achieve 





Measurement Standards in Research 


DR. H. W. RUSSELL 
Technical Director 
Battelle Memorial Inst. 


RESEARCH TODAY REQUIRES ever more complex 
tools. Usually these tools are either instruments to 
control operation or to measure performance, operated 
by a research team whose first responsibility is to 
experiment, collect data, and analyze results. While 
instrument maintenance could be done by a team 
member, calibration and standardization can be handled 
best by a centralized group serving all laboratory 
activities. 

For some time, research management has known the 
desirability of instrument maintena) ce and calibration 
by a centralized group of specialists. Now becoming evi- 
dent is that more emphasis should be put on high grade 


measurement standards and the necessary associated 
instruments. Calibration or centification of working in- 
struments by the National Bureau of Standards no 
longer is the best answer (if it ever was). Local stand- 
ards for immediate use when needed are important to 
assure the research man that his instruments are ac- 
curate and reliable. 

Research is not only a patron of the instrument indus- 
try, but a major contributor of new instruments and 
new quantities to be measured. For example, an entire 
new instrument industry was founded to redesign and 
manufacture the devices developed in the atomic energy 
research laboratory. This process continues at a dimin- 
ished rate as research finds new quantities to measure 
and new principles of measurement. In the matter of 
measurement standards, particularly for radiation, there 
is much room for improvement. Some part of the dif- 
ficulty arises from the lack of suitable standard defini- 
tions of the quantities to be measured. 

The new ISA Measurement Standards Division be- 
gins its important mission under excellent auspices 
The Society through its channels of communication into 
all areas of research and instrumentation can secure 
technical and functional information exchange which 
will lead to improved standards. To users of instruments, 
ISA can indicate the need of standards, and to man- 
agement it can point out the high cost of poor measure- 
ments. This issue of its Journal marks an important 
step toward that goal. 


Standards—A Special Opportunity for ISA 


DR. A. V. ASTIN 
Director, the National 
Bureau of Standards 


WITH INSTRUMENTS, the standards of physical 
measurement are translated into accurate measure- 
ments for science, engineering and industry. Since such 
standards are the responsibility of the National Bureau 
of Standards, the Bureau always is eager to cooperate 
with technical organizations like ISA, both to increase 
instruments and measurements knowledge, and to dis- 
seminate such knowledge to the technical public. Be- 
cause the two organizations have so many parallel 
objectives, ISA has especial potential for helping NBS 
carry out its own mission. 


In this special measurement standards issue, it is 


appropriate to point out two problems common to ISA 
and NBS which merit greater emphasis: 


1. The problem involved in calibration of instruments 
by other calibrating and standardizing laboratories 
in manufacturing or purchasing departments of in- 
dustrial firms, in government agencies, or in inde- 
pendent commercial laboratories. To provide prompt, 
accurate calibration to satisfy the increasing needs of 
industry will require sustained, common efforts by 
NBS, the technical societies, and all standardizing 
laboratories. I am pleased to note that ISA by the 
creation of its new Measurement Standards Division 
has recognized the importance of this standards 
problem. 


2. The problem of standardizing testing, evaluation and 
performance specifying practices for instruments, 
instrument systems and instrument components. The 
Bureau has men on many committees of the American 
Standards Association, the American Society for 
Testing Material, and other standards formulating 
agencies. Several of our staff also have helped 
develop ISA Recommended Practices. 

ISA has a special opportunity to play a leading role 
in solving these two standardization problems through 
cooperative endeavors to formulate standards of prac- 
tice for the use of standards of measurement. 
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"What are measurement standards —Why are they so important ?” 


Measurement Standards 


in Science and Industry 


Here, in the middle of the 20th 
century, who can dispute that scientific 
technology has become the very center 
of human activity? It vitally affects 
each of us through our industrial econ- 
omy; it guards our health individually 
and collectively through medicine and 
public hygiene; it has profoundly com- 
plicated our problems in international 
relations; it challenges our philoso- 
phies and religions. And now it brings 
man to the threshold of his grandest 
adventure — the leaving of this planet 
to which he has been bound for half 
a million years. All this we can attrib- 
ute directly to science and technology. 

And in just as direct a way, we can 
attribute every forward step in our 
amazing technologic progress to par- 
allel progress in the science of meas- 
urement. The dependence of techno- 
logic progress on advances in measure- 
ment techniques is not appreciated 
fully, even by some scientists and en- 
gineers themselves. 

For example: the great 18th century 
industrial revolution is presented by 
historians as the replacement of human 
and animal energy by machines. But 
scant credit is given to the absolutely 
necessary advances in the measuring 
sciences that were made, without 
which the new machines could never 
have been built. Then in our own 20th 
century, mass production was hailed as 
the horn of plenty that would supply 
abundance for all. But mass produc- 
tion, whose essential principle is inter- 
changeability of precision made parts, 
would have been utterly unworkable 
without the great parallel advance in 
measurement technology that was ac- 
complished. Finally, in just the past 
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decade, automation has been called 
“the second industrial revolution.” Ba- 
sically, however, the only truly new 
element in automation is automatic 
control. And it is well recognized that 
the first essential for automatic control 
is adequate measurement. 

Thus, measurements and measure- 
ment standards are not something un- 
real or remote in the cold, nonhuman 
world of technology: they are part of 
the very fabric of man’s work and art, 
inextricably interwoven into his civil- 
izations, and an essential element in 
human knowledge down through the 
ages. So, instrumentation is both an 
ancient and most modern profession. 
Weights and measures are often men- 
tioned in the Bible, were referred to 
in the US Constitution, and received 
the study of great men in our early 
history (see opposite page). 


The Fascinating 
History of Standards 


Even as our children today early 
learn to ask questions like “how many,” 
“how much,” and “how far,” so ancient 
man found many needs for measuring 
the world around him. His own body 
and the simple objects he knew in 
nature became his first measurement 
standards. 

Time he reckoned directly from 
nature by the rising and setting of the 
sun; by the phases of the moon, origin 
of our word “month,” and by the an- 
nual cycles of heat and cold, rain and 
drought, growth and death. 

His first measurement of quantity 
was based on his ten fingers. This base 
survives today in our decimal system 


and our word “digit” — synonym for 
finger and number. Earliest man, as 
do primitive peoples to this day, deter- 
mined distance in terms of his own 
strength — the stone's throw, the 
arrow’s flight, the day’s journey. 

But it was not until the time of the 
Egyptians and Chaldeans, 6000 BC, 
that the first real standards of length 
were set. The cubit was the length 
from elbow to outstretched fingertip 
of the bent arm — 18 to 19 inches 
And the Egyptian Pharaohs of 4000 
BC decreed man’s first national stand- 
ard — a cubit of 18.24 inches (see 
photo). The pyraminds measure just 
500 cubits on a side; and their perim- 
eter, 2000 cubits, was exactly one 
half the “meridian mile” — today still 
used by seamen the world around! 

The Egyptians divided the cubit 
into 24 “digits” — the width of the 
middle finger. From this pattern came 
the 24 hours of our day and the 12 
inches in our foot (12 digits per span). 

The need to know the marching dis- 
tances of the Roman Legions gave rise 
to our mile. One thousand “great 
paces” (double steps — about 5 feet) 
— the distance between heelprints of 
the same foot of a walking soldier — 
was decreed as the “milie” (5000 feet) 
The Romans, too, invented our inch 
— one thumb’s breadth — and follow- 
ing Egyptian precedent divided the 
foot into 12 units. 

From very early times, man meas- 
ured weight in another universally 
available natural unit, the “stone.” 
Even today in such countries as Eng- 
land and Australia, the weight of men 
and livestock usually is given in stones 
— 14 pounds. And in the United 





States, the influence of this ancient 
unit still is evident in our standard 
barrel of flour — 196 pounds (14 
stone). 


Enter Confusion 


It is particularly significant here to 
note that, as it was used in various 
ages and countries the value of the 
stone varied from 4 to 26 pounds! And 
in the 9th century, “geodesy” — the 
art of measuring the earth — began 
to destroy the standards defined by the 
Egyptians and Romans. The basis of 
the cubit and mile was changed to 
the length of the earth’s meridians, 
which differ from country to country. 
Laws were passed by cities and states 
decreeing new and arbitrary standards 
often based on astrology. It is prob- 
able that an important factor in the 
virtual cessation of technological prog- 
ress through the dark ages was this 
diversity and confusion of measure- 
ment standards. 

These two historic examples of 
standards confusion lead us directly 
back to our central theme: the neces- 
sity for universal, identical standards 
for measurement. This necessity should 
be of the highest concern to the in- 
strument maker and instrument engi- 
neer. For instruments are the means 
whereby measurement systems based 
on agreed-upon standards are made op- 
erational in our laboratories, processes 
and production lines. 


What Are Measurement 
Standards? 


The word “standards” has two dis- 


George Washington 
First Annual Address to Congress 


"Uniformity of currency, weights 
and me.sures of the United 
States 4s an object of great im- 
portance and will, | am per- 


suaded, be duly attended to.” 


Thomas Jefferson 
Address to Congress, 1790 


"Reduce every branch of weights 
and measures to the same deci- 





-—— GREAT AMERICANS ON 


LENGTH STANDARD—4000 BC. 


(Above). 


First 


known national standard was this black granite cu- 
bit. Egyptian law required monthly “calibration” of 
all wooden working cubits against this standard. So 
highly did the great Egyptian builders regard meas- 
urement precision, that they kept the standard cubit 
in the Pharaoh’s own palace. (photo credit: The 


DoALL Co.) 


LENGTH STANDARD — 1961 AD. 


(Right). Wavelength of orange-red light from a kryp- 


ton-86 lamp was adopted as the new 


length standard, October 14, 1960. 


tinct meanings we must not confuse. 
One common meaning refers to sets of 
rules or codes adapted by various in- 
dustries or technical societies which 
specify acceptable design, construction, 
testing and installation practices for 
that industry. These include such stand- 
ards as issued by Underwriters Labora- 


tory, American Standards Association, 


and our own ISA Standards & Prac- 
tices Department. 

However, it is standards of meas- 
urement, the second meaning of the 
word “standards,” to which we refer 
throughout this special issue of ISAJ. 
In this sense, a standard is the physical 
embodiment of a measurement unit, 
by which its dimension is defined and 


mal ratio already established for 
coin, and bring the calculations 
of the principal affairs of life 
within the arithmetic of ever) 
man.” 


John Quincy Adams 
Secretary of State, Feb. 22, 1821 


"Weights and Measures may be 
ranked among the necessaries of 
life to every individual of human 
society. They enter into the eco- 
nomical arrangements and dail) 


international 


to which it can be compared for cali- 
bration. For example, the US meter is 
a unit of length measure which is de- 
fined by the length of the prototype 
platinum/iridium meter bar kept by 
the National Bureau of Standards. 
Thus the standards we are talking 
about in this issue are things — the 
hardware of calibration. 


The Traceability Chain 


Let us go back to fundamentals 
The basic function of instruments is 
tO measure something: meters, ohms, 
horsepower, gallons, etc. And millions 
of instruments are at work all over the 
US busily taking measurements. The 





STANDARDS 


concerns of every family. They 
are necessary to every occupa- 
tion of human industry; to the 
distribution and security of every 
species of property; to every 
transaction of trade and com- 
merce; to the labors of the hus- 
bandman; to the ingenuity of 
the artificer; to the studies of 
the philosopher: to the researches 
of the antiquarian; to the navi- 
gation of the mariner, and the 
marches of the soldier; to all 
the exchanges of peace, and all 
the operations of war.” 
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problem is that instrument accuracy 
varies — as between instruments, or 
even within the same instrument as 
time goes by. Thus an ohmmeter in 
the plant of a resistor manufacturer 
might measure 1000 ohms as only 999. 
What happens when resistors so made 
are built into a “precision” electronic 
power supply made by another factory 
in the next state? Obviously, it is 
necessary to control the accuracy of 
measuring instruments. Such control 
is called “calibration:” individual in- 
struments are compared to other more 
accurate devices and adjusted to elim- 
inate their inaccuracy. And here we 
come to the heart of this discussion: 
such more-accurate devices which are 
used for calibration are called “stand- 
ards.” 

How do we know that these stand- 
ards we use in our plant calibrations 
are themselves accurate? We buy them 
from an instrument maker, who spe- 
cifies just how accurate (or rather 
inaccurate) they are. How does he 
know? He, in turn, calibrates the 
standards he sells us against even more 
precise standards which he sends 
periodically to the National Bureau of 
Standards in Washington to _ be 
checked and certified. Thus from the 
ohmmeter on the worker’s bench in 
the resistor factory, there is (ideally) 
an unbroken chain of calibrations 
traceable all the way up to the su- 
premely accurate United States stand- 
ard ohm kept at the National Bureau 
of Standards. 

Modern technology uses instruments 
in such variety and number that sev- 
eral successive echelons of calibration 
are needed to trace accuracy from the 
shop or launching pad back up to 
NBS. At one end of the chain are the 
four basic National Prototype Stand 
ards of length, weight, time and tem- 
perature: the prototype meter bar No 
27 (recently replaced by an Atomic 
Standard, see page 76); the prototype 
kilogram No. 20 (see photo page 
47): the second, which is exactly 
1 /31,556,925.9747th of the solar year 
1900; and the degree fixed by the 
temperature of the triple point of 
natural water, 273.16° Kelvin. These 
prototype standards are “absolute:” 
that is, they are independent of any 
other standard. 

Slightly farther down the chain 
and all defined in terms of these four 
Prototype Standards are the Derived 
Standards of NBS, such as frequency, 
volume, electricity, etc., the Calibra- 
tion Standards for such properties as 
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viscosity, colorimetry, refractometry 
and the like, and their Standard In- 
struments such as micrometers, volt- 
meters, thermometers, and spectrom- 
eters. 

To guard these top-level standards 
from deterioration, they seldom are 
directly used for measurements. NBS 
has set up below them two successive 
levels of standards — National Refer- 
ence Standards, and below that, Work- 
ing Standards. 

Next in order down the chain of 
accuracy are the Interlaboratory Stand- 
ards. These are the standards sent in 
to NBS by factories and laboratories 
all over the country for calibration 
and certification. Then in turn, many 
factories and laboratories have their 
own “Standards Laboratory,” where 
they may have (again to minimize 
wear and tear) “reference” standards 
and “working” standards of their own. 
And finally, at the bottom of the 
traceability chain, is the instrument 
itself, which makes the actual meas- 
urements in the shop, the lab or the 
test facility. It’s easy to see how ac- 
curacy can be lost in the many suc- 
cessive intercomparisons from these 
plant instruments back up to the NBS 
prototypes! It is the job of the stand- 
ards engineer and technician to keep 
these imaccuracies at the practical 
minimum. 


Why This New Emphasis? 


At the ISA Annual Conference in 
New York last September, instrument 
people jammed the first session spon- 
sored by our new Measurement Stand- 
ards Division. An overflow crowd of 
250 delayed the start of the meeting 
until a larger hall could be prepared. 

Why this great new interest in 
measurement standards? The cause is 
simple: recent tremendous and rapid 
advances in US technology have out- 
stripped our ability to measure. ¥s- 
pecially aeronautics, space science, nu- 
cleonics, cryogenics and plasma phy- 
sics have created demands for unprec- 
edented accuracies at widely extended 
ranges — both very high and very low. 

The gigantic aero-space industry was 
one of the first to discover this “meas- 
urements gap.” At the request of our 
Air Force Material Command, the 
Aerospace Industries Association con- 
ducted two Industry Calibration Sur- 
veys* which revealed many areas — 


*Can be obtained from Rear Admiral 
Richard M. Oliver, USN Ret., Technical 
Services, Aerospace Industries Associ- 
a Shoreham Bldg., Washington 5, 


some vital to national defense—where 
lack; of adequate national measurement 
standards is causing confusion, delay, 
and excessive cost. And AIA is beg- 
ging NBS for help. 

As a result of this, there has been a 
mushrooming in both size and number 
of standards laboratories in the mili- 
tary and industry, and a consequent 
acute shortage in experienced and 
trained standards engineers and tech- 
nicians. 

The pity is that much of this meas- 
urement gap could have been avoided. 
Its nossibility was foretold 10 years 
ago vy NBS scientists following Rus- 
sia’s first A-bomb. But Congressional 
budget cuts in the early 1950's actually 
decreased the Bureau's research capa- 
city 37%, from 1071 to 672 man 
years! And even now, three and one- 
half years after Sputnik, NBS re- 
search is only a little above its 1950 
level. 

Case Histories 

Out of NBS/AIA conferences have 
come startling examples of what the 
measurements gap is costing us in 
time and money: 1. One electronic 
industry man cited a million-dollar 
radome development forced to proceed 
largely by trial and error because ade- 
quate phase and amplitude measure- 
ments don’t exist in the required fre- 
quency range. 2. Another man claimed 
his firm could cut cost of a large-pro- 
duction item from $950 to $250 if 
tolerances on gas bearings and bores 
could be held to 10 microinches. 3. 
Other men stressed their need for a 
“standard wet atmosphere” for evalu- 
ating infrared system performance as 
used in satellites and weapons. 4. Rock- 
et motor builders are seriously handi- 
capped in improving design by lack 
of standards and techniques for meas- 
uring exhaust-gas temperatures. With 
fuel costs for a single test-firing at 
$125,000, even a little improvement 
in measuring accuracy would save 
great sums. 5. One rocket-engine maker 
claims that improved engine thrust 
measurement could save 5150 to $200 
million on just one type of rocket! 

While this special issue of ISA] 
could not pretend to cover completel) 
all phases and problems of measure- 
ment standards, the new ISA Measure- 
ment Standards Division and your 
editors are hopeful that this issue will 
alert instrumentationists everywhere to 
the seriousness of the measurement 
gap and to some things which must be 
done to close it. — Staff report by 
George A. Hall. 





"Where do US measurement standards come from?” 


NBS-Source of American Standards 


by WILLIAM A. WILDHACK 
Special Assistant to the Director 
The National Bureau of Standards 
Washington, D.C. 


WHEN IN 1901, Congress author- 
ized the National Bureau of Standards 
and charged it to provide basic meas- 
uring services to the Nation, its staff 
was eight, its annual payroll $27,000 
and its site an eight-acre tract in what 
is now residential Washington. Today, 
due to the steadily increasing depend- 
ence of American science, industry and 
commerce on the physical measuring 
standards and calibration services NBS 
provides, it has grown to a staff of 
3600, half of them scientists or engi- 
neers, an annual budget of $37 mil- 
lion, and a 68-acre site in Washington, 
plus 217 acres at Boulder, Colorado, 
and 28 field stations. While in 1901, 
NBS had custody of only two primary 
standards — the meter and the kilo- 
gram — today it provides literally hun- 
dreds of standards ranging from color 
to neutron flux, yet all derived from 
the basic standards of length, mass and 
time. 


Only half this 1960 budget came 
directly from Congress; the rest came 
from other federal agencies and pri- 
vate sources! for specifically-requested 
work varying from development of 


*First ISA Fellow, Washington Section; 
Charter Member, and Past President. 
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computers, to help with especially- 
difficult scientific or mathematic prob 
lems. 

The Bureau's research and develop- 
ment are carried on by 21 technical 
divisions. Washington divisions in- 
clude Electricity, Metrology, Heat, Ra- 
diation Physics, Atomic Physics, Chem- 
istry I and II, Mechanics, Organic & 
Fibrous Materials, Metallurgy, Mineral 
Products, Building Research, Applied 
Mathematics, Data Processing Systems, 
and Instrumentation; Boulder divisions 
are Cryogenic Engineering, lonosphere 
Research & Propagation, Radio Propo- 
gation Engineering, Radio Standards, 
Radio Systems, and Upper Atmos- 
phere & Space Physics. 

The Bureau is kept informed of the 
Nation’s scientific and technological 
needs by advisory committees drawn 
from leading scientific, engineering 
and industrial organizations. These 
committees are coordinated by the Na- 
tional Academy of Sciences — Nation- 
al Research Council. 


The Two Most Basic Functions 
The Congress has assigned to the 
National Bureau of Standards these 
six functions: 
1. The custody and maintenance, and 
the development of national standards 
of measurement and methods for mak- 
ing measurements. 
2. The determination of physical con- 
stants and properties of materials that 
are of great importance to science and 
manufacturing. 


3. The development of testing meth- 


ods for materials, mechanisms and 
structures. 


4. Cooperation with other 
mental agencies and private organiza- 
tions to establish standard practices, 
codes and specifications. 


Re »vern- 


5. Advice to government agencies on 
scientific and technical problems. 

6. Invention and development of de- 
vices for special government needs. 


Most basic of these functions is the 
first, relating to measurement stand- 
ards and calibration services. This 
calls for a continuing broad program 
of research on the very frontiers of 
widely diverse physical sciences such 
as thermochemistry, free radicals, solid- 
state physics, plasma physics, optics 
and applied mathematics. 


The next most basic Bureau func- 
tion is the second above — precise 
measurement of physical constants and 
properties of materials. 


STANDARDS AND 
MEASUREMENT METHODS 


Length 


Even in a field so old as length 
measurement, vigorous research must 
be done to keep abreast of advancing 
science and technology. As mass pro- 
duction pushes forward, dimensions of 
interchangeable parts become increas- 
ingly critical. Today, tolerances for 
many elements — fuel injectors, bear- 
ings, gyroscopes, transistors — are 
expressed in hundred-thousandths or 


even millionths of an inch! Master 
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Figure 1. This spring, ground will be broken at a 550-acre site for this new $100-million 
NBS 20-building laboratory at Gaithersburg, Maryland, 20 miles 


standards must be even more precise 
since accuracy is lost at each stage of 
calibration. 

Machine tool makers now request 
that NBS calibrate their master gage 
blocks to 1 part in 10 million. We 
had been calibrating master gage 
blocks to 1 part in 1 million (the 
nearest millionth of an inch for inch- 
long blocks). 


To expedite necessary research, sev- 


eral firms recently made funds avail- 
able to NBS to supplement Congres- 
sional appropriations. This research is 


in two general lines: 1. development 
of ultraprecise instruments for meas- 
uring gage-block lengths; 2. develop- 
ment of highly stable gage-block ma- 
terials (See Figure 2). 

Other research concerned atomic 
standards of length. For 70 years, the 
national length standard has been the 
platinum-iridium bar “US phototype 
meter No. 27,” a copy of the inter- 
national meter kept at the Internation- 
al Bureau of Weights and Measures, 
Sevres, France. But now, measurement 
science is moving away from arbitrary 
phototypes like the meter bar toward 
natural atomic constants. These un- 
changing properties of the atom can 
be reproduced at any time, thus re- 
leasing science from dependence on a 
material body that might be destroyed 
or slowly change in value. 

For many years, attempts to define 
the international meter in terms of an 
unchangihg property of the atom have 
been under way. Finally, on October 
14, 1960, in Paris, the 11th General 
Conference on Weights and Measures 
adopted the wavelength of orange-red 
light emitted by the isotope krypton 
86 as the new international length 
standard*. The meter is defined as 
1,650,763.73 wavelengths of the kryp- 
ton (2P;9>—5D;) spectral line (See 
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page 76). Bureau measurements show 
that the meter thus defined agrees 
satisfactorily with US meter bar No. 
27, which, though no longer our na- 
tional standard, will still be important 
in comparisons of material length 
standards. 

Krypton-86 lamps should furnish 
standards reproducible to 2 parts in 
100 million — a significant improve- 
ment over the precision obtained with 
the meter bar. To keep standards 
ahead of the needs of science and 
technology, the Bureau has developed 
three other sources using mercur) 
atoms‘, providing extremely narrow 
spectral lines — about one-tenth as 
wide as krypton-86 — which could 
enable still more precise length com- 
parisons. There are, of course, problems 
in using such precision for calibration 
of material standards. 


Mass and Flow 


The national standard of mass still 
is a platinum-iridium cylinder (Figure 
3). Although preliminary studies reveal 
no promising way to define the kilo- 
gram in atomic terms, reproducibility 
of the present standard fortunately 
still is quite sufficient for even the 
most precise weighing. 

Present Bureau mass measurement 
research is principally in development 
of improved equipment and techniques 
ror accurate weighing (Figure 4). 
Other work dealt with moisture® and 
environment in high-precision weigh- 
ing. 

All standard weights are derived 
from the national prototype kilogram 
by suitable multiplication or sub-di- 
vision, and used to calibrate proving 
rings, load cells, dynamometers — 
which in turn are used to calibrate 
force measuring devices in field, fac- 
tory, and laboratory. 


northwest of Washington. 


Today there is urgent need for pre- 
cisely measuring larger forces than 
ever before, especially the thrust of 
the new and more powerful rocket 
engines. It has been estimated that, 
by increasing the accuracy of large 
force measurements, millions of dol- 
lars now being spent for experimental 
rocket engine firings could be saved 

The high-capacity dead-weight’ to 
be installed at Gaithersburg (p. 64, 
ISAJ 9/60), designed to provide ac- 
curacies better than 0.01 percent, will 
make possible not only direct calibra- 
tion of most existing force measuring 
devices, but also development of new 
and improved portable secondary 
standards greatly needed as working 
standards in other laboratories. 


Pressure 


Also linked back to the standard 
kilogram are the dead-weight piston 
gages and mercury-column pressure 
standards which the Bureau maintains 
Up to now, most high-pressure meas- 
urements were referred to fixed pres- 
sure points associated with phase tran- 
sitions in water and mercury, as de- 
termined by P. W. Bridgman 45 years 
ago. However, since the increasingly 
higher pressures being used in military 
and industrial operations cannot be 
employed effectively without a well- 
defined scale of pressure, accurate de- 
termination of additional fixed points 
are needed. Therefore, a special 1960 
program was begun to develop stand- 
ards, measurement techniques, and data 
on properties in the very-high-pressure 
field. Already, new equipment, im- 
proved in both accuracy and range 
of pressures, is in operation to pres- 
sures as high as 2 million lb/in.? 

Our new Vacuum Standards Labo- 
ratory is developing standard materials 
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for measuring and obtaining extremely 
low pressures, and studying the gen- 
eration of more reproducible pressures 
in this range to serve as fixed points. 
There is growing demand for precision 
measure of extremely-low pressures 
encountered by missiles and satellites 
many miles above the earth’s surface, 
in the investigation of absorption — he- 
nomena and other surface properties 
of materials, and in particle acceiera- 
tors used in nuclear reaction studies. 


Temperature 


The International Practical ‘iem- 
perature Scale* is based on reproduc- 
ible equilibrium temperatures or “fixed 
points” (e.g., the triple point of water), 
to which numerical values are assigned, 
and on specified interpolation formulas 
relating temperature between or above 
these points to the indications of 
standard temperature measuring in- 
struments. 

As temperature standards, the Bu- 
reau maintains the fixed points of the 
temperature scale and instruments for 
measuring temperature from near ab- 
solute zero to about 15,000°K. By 
direct or indirect comparison with 
these standards, it calibrates the stand- 
ard temperature measuring instruments 
of other laboratories. 

Precise measurement of 
temperatures is a problem that de- 
mands solution. Under controlled lab- 
oratory conditions, temperatures can 
be measured to about 4,000°K, with 
an uncertainty of about 40°K at the 
top of the rance; at 15,000°K, this 
measurement uucertainty has increased 
to about 1000°. Yet today, scientists 
are discussing million-degree tempera- 
tures and the possibility of controlled- 
fusion furnaces. At the other end of 
the scale is a similar challenge: within 
a few degrees of absolute zero lies a 
vast field of cryogenic (extremely-low 
temperature) research; yet there are 
no fully adequate reference points for 
such temperatures. 

The Bureau is extending vigorously 
its measurement capabilities in both 
directions on the temperature scale, 
particularly to extreme high-tempera- 
tures. Recent developments include a 
photoelectric optical pyrometer which 
greatly reduces the human element in 
calibrations up to 4000°K, and a 
special high-temperature resistance 
thermometer of precision 10 times 
greater than previous instruments for 
calibration in the 600-1063°C range. 
Much research produced a high-tem- 


extreme 


Figure 2. Gage 
blocks _investi- 
— for stabil- 
ty by NBS. 
Three showed 
better stability 
than the best 
commercial 
blocks?. One, ni- 
trided for sur- 
face hardness, 
expanded only 
0.000,000,2 inch 
per inch of its 
length in a year! 


perature source that will be both stable 
and reproducible, and resulted in a 
high-current-density arc which operates 
from 10,000 to 20,000°K, has been 
tested up to 15,000°K, and appears 
promising as a standard optically-thin, 
high-temperature source. 


Electricity and Electronics 

The Bureau developed very precise 
standards of resistance and voltage 
whose values are established by abso- 
lute measurements that fix the relation 
between the electrical units and the 
fundamental mechanical units of 
length, mass and time. From these 
national electrical standards, the Bu- 
reau derives other standards for the 
electrical and electronic quantities used 
today. 


Space exploration, automation and 


miniaturization subject — electronic 
equipment to complex new uses and 
extreme environments where controlled 
production accuracy of components is 
increasingly important. Our Boulder 
Radio Standards Laboratory is expand- 
ing research to provide the electronic 
and radio standards needed for all 
radio-frequency and microwave quanti- 
ties. (See “Better Standards for the 
Electronic Era,” p. 58, ISAJ 4/60.) 

Standards are being established and 
improved measurement techniques de- 
veloped for frequency, power, attenua- 
tion, voltage, impedance, noise, field 
strength, interference, conductivity, 
and magnetic quantities®. 

Standard frequencies are sent di- 
rectly to users by broadcasters of NBS 
radio stations WWV (Beltsville, Md.) 
and WWVH (Maui, Hawaii)'’; and 
WWVB (Boulder, Colo.) and WWVL 
(Sunset, Colo.) now provide experi- 
mental low-frequency broadcasts at 60 
and 20 kilocycles, respectively. 

For several years, the Bureau has 
done intensive research to establish 


Figure 3. Our national standard 
of mass — prototype Kilogram 
No. 20 — is a 39 x 39 mm cylinder 
of platinum/iridium. So stable is 
it and so carefully kept, that when 
after 60 years it was recompared 
to the International Standard kept 
at Severes, France, it had changed 
only one part in 50 billion! 


atomic standards of higher precision 
in frequency and time-interval meas- 
urement''. This year, two cesium-beam 
atomic standards went into operation, 
enabling reference of frequency stand- 
ards to atomic resonance with accuracy 
better than 2 parts in 100 billion! 


Ionizing Radiations 


NBS research and standardization 
in radiation physics goes back to 1913 
when the first national standard of 
radium, prepared by Mme. Curie, en- 
tered the custedy of the Bureau. Most 
radium produced or sold in this coun- 
try has been calibrated against this 
standard. Since the discovery of con- 
trolled nuclear fission, the need for 
radioactivity standards of other ele- 
ments has steadily increased. To meet 
the instrument-calibration require- 
ments of industry and science, the 
Bureau is conducting extensive re- 


search on standards for radioactive 
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nuclides. It now distributes about 40 
different nuclide samples. 

For 35 years, the Bureau has done 
research on standards and calibrations 
for X-ray equipment. First developed 
were standards for low-energy X-rays 

from 500 to 1.4 million electron 
volts — then being used for diagnostic 
and industrial radiography. However, 
recent development of high-energy 
electron accelerators extended X-ray 
frontiers to thousands of millions of 
electron volts. The Bureau now is de- 
veloping basic data on these high- 
energy radiations to provide standards 
and measurements for their safe and 
effective use. 

Many new technologies are opened 
up by the availability of intense elec- 
tron beams, also produced by the 
accelerators. Already industry is using 
such beams to sterilize pharmaceuticals 
and food, polymerize plastics, and vul 
canize rubber. The new high-intensity 
accelerator designed for the Gaithers 
burg site will enable the Bureau to 
keep pace with these developments!” 
It will produce one of the world’s most 
intense electron beams, with energies 
continuously variable from 10 to 100 
million electron volts. Its power out- 
put — about 40,000 watts — will be 
about 100,000 times that we now 
obtain in this voltage range. This in- 
creased intensity will enable us to 
enter new areas in nuclear and atomic 
physics, and to develop standards 
measurements, and shielding for in- 
dustry’s latest high energy devices. 
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| Figure 4. By au- 


tomatic, photo- 


electric indica- 
tion of swinging- 
beam position, 
minimum read- 
able displace- 
ment of _ this 
most precise of 
the Bureau’s bal- 
ances is increas- 
ed from 0.004 in- 
ches to 0.0001 
i inch’. It is used 
| to compare the 
National Proto- 
type kilogram 
with secondary 
standards, and is 
' remotely oper- 
ated to avoid er- 
rors due to body 
heat. 


Fundamental Constants 


Much work on fundamental con- 
stants, such as the various atomic con- 
stants, is part of research to improved 
standards. When determined to ex- 
tremely high accuracy, these constants 
provide invariant bases for reproduc- 
ing standards of many physical quan- 
tities like length, frequency, and elec- 
tric current, and so tie present stand- 
ards and physical measurements units 
to natural phenomena (Figure 5). 

This past year, an improved value 
for the faraday'* was obtained by an 
electrochemical method which dis- 
solves rather than deposits silver from 
an electrolytic solution. The new value 
(96516.5 + 2.1 coulombs on the phy- 
sical scale) differs by only 0.008% 
from previously accepted values, but 
this small difference is of major im- 
portance in physics and chemistry, 
where the faraday enters into the de- 
termination of other fundamental con- 
stants. 

From the same project, new atomic 
weight for silver was obtained"*. (107.- 
8731 + 0.0020 on the chemical scale 
ind 107.9028 0.0013 on the physi- 
cal scale). This new value resulted 
directly from a highly accurate deter- 
mination of the absolute abundance 
ratio of silver isotopes using the tech- 
niques of mass spectrometry. The 
atomic weight of silver plays a key 
role in determining atomic weights of 
other elements and in the assignment 
of values to other fundamental con- 


stants such as Avogadro’s number and 
Beltzmann’s constant. 


STANDARD MATERIALS 


An important NBS function is the 
determination of constants and prop- 
erties of materials. The Bureau yearly 
distributes 80,000 samples of standard 
materials to other laboratories for con- 
trolling chemical processes and main- 
taining apparatus and equipment ac- 
curacy. Over 600 different standard 
materials'® are available — chemicals, 
ceramics, metals, ores, and radioactive 
nuclides. All are certified either for 
chemical composition or with respect 
to a specific physical or chemical 
property such as meiting point, vis- 
cosity, color, or refractive index. These 
standards make possible uniform heat 
and temperature measurements, define 
the colors of paints, and calibrate in- 
struments that control the composition 
of metals and motor fuels. 

About four years ago after studying 
industrial and government needs, the 
Bureau greatly expanded its program 
On spectroscopic samples, not only to 
satisfy basic requirements of industry 
and governraent for such common ma- 
terials as cast iron, steel, and copper- 
base alioys, but also to provide stand- 
ards of newer materials — high-tem- 
perature alloys, titanium alloys, and 
zirconium alloys. The first two are 
used in aircraft and missile industries 
and the last in atomic energy installa- 
tions. The Department of Defense, 
Atomic Energy Commission, and in- 
dustries have helped in selecting the 
alloys needed for these standards and 
in establishing priorities for their use. 
To date, about 120 standard materials 
have been specificaly produced for 
spectre SCOPy. 

About 200 hydrocarbon samples are 
issued as “pure substances” and certi- 
fied as to purity (usually 99.99%). 
This service was started for calibration 
of instruments, particularly mass spec- 
trometers, used to control production 
of synthetic rubber and special military 
aviation fuels. These samples could 
find application also as gas chromato- 
graphic standards. 


SERVING THE NATION 
AND THE WORLD 


The Bureau cooperates broadly and 
effectively with many other govern- 
mental organizations, national profes- 
sional and standardizing bodies, and 
international groups. Thus its research 





and staff competence are applied to 
many current problems of science and 
industry, particularly those in measure- 
ment standards, building and safety 
codes, engineering and purchase spe- 
cificaticns, and test methods. For ex- 
ample, during the past year, 340 of 
our staff held 1133 committee mem- 
berships in 137 national grou,s such 
as the Instrument Society of America, 
the American Society for Testing Ma- 
teriais, and the American Standards 
Association. 

NBS scientists participate extensive- 
ly in scientific meetings and confer- 
ence committees. The Bureau often 
sponsors Or CO-sponsors meetings such 
as the biennial Conference on Elec- 
tronic Standards and Measurements; 
the annual Conference on Gaseous 
Electronics; the Conference on Ex- 
tremely - Low - Frequency Radiowave 
Propagation; the recent Cryogenic En- 
gineering Conference held in Boulder, 
and the Third National Symposium 
on Temperature, Its Measurement and 
Control in Science and Industry, to 
be held in Columbus, Ohio, in March 
1961. Bureau staffers are active in 
ISA’s new Measurement Standards Di- 
vision and in the ad hoc committee 
set up to evaluate formation of a 
Council of Standards Laboratories. 

NBS staff members assist also to 
formulate codes and standards of prac- 
tice. Here the Bureau serves largely 
as a collaborator, seldom initiating 
such work or promulgating a finished 
document on its own behalf. Never- 
theless, it often helps to secure agree- 
ment on recommended practices by 
providing methods of test, basic data 
on properties of materials, and infor- 
mation on possible measurement ac- 
curacy. Although any standard is es- 
sentially an agreed-on practice or defi- 
nition, it is convenient to distinguish 
physical standards — from specifica- 
tions. To facilitate NBS-industry co- 
operation here, a new advisory com- 
mittee on Engineering and Related 
Standards recently has been formed. 

The Bureau represents the interna- 
tional interests of American govern- 
ment and science in establishing and 
maintaining measurement standards 
and scientific constants. Most such 
work is done through international 
groups like the International Union of 
Pure and Applied Chemistry or the 
International Scientific Radio Union. 


CALIBRATION SERVICES 


The Bureau calibrates instruments 
and measurement standards for gov- 


Figure 5. Coop- 
erating with an 
international ef- 
fort to derive a 
more accurate 
value for the ac- 
celeration of 
gravity is this 
part of the Bu- 
reau’s program 
on physical con- 
stants. Motion of 
a body fal 
through the foil- 
covered tube i< 
precisely time? 
by electronic and 
optical tech- 
niques. 


ernment, industry, and the general 
public’®. In contrast, materials testing 
is done almost entirely for the pur- 
chasing, regulatory, or functional re- 
sponsibilities of other government 
agencies. The Bureau generally pre 
fers to calibrate only high-precision 
instruments or master standards and 
encourages others to calibrate working 
standards. 


Standards Critical to Defense 

The present greatly increased de- 
mand for calibration services in rapidly 
advancing areas'’ is sharply empha 
sized by surveys which various industry 
groups — such as Aerospace Indus- 
tries Association, National Security 
Industries Association, and Electronic 
Industries Association — have made 
of their affiliated firms. 

In 1959, the Aerospace Industries 
Association questioned 70 companies 
in its fie'd and found greatly increased 
measurement needs in several critical 
areas such as microwave, temperature 
vibration, and shock measurements 
Over 100 of these needs were for 
measurement and calibration services 
not then offered by NBS! Either the 
Bureau did not provide any service 
for the particular physical quantity 
involved, or the range of measurement 


or accuracy required was not available 
This survey clearly showed the immedi- 
ate need for more basic research on 
measurement problems and increased 
industry-wide dissemination of cali- 
bration procedures. As most firms sur- 
veyed are heavily involved in defense 
work, this “measurement pinch” bears 
importantly on our military strength 
To meet this critical situation, the 
Bureau is 1. enlarging and strengthen- 
ing its own calibration services pro- 
gram, 2. encouraging industry to im- 
prove calibration services within par 
ticular areas, and 3. developing greater 
government/industry cooperation in 
defining and attacking the most im 
portant problems. Within its resources, 
the Bureau has concentrated on those 
standards and calibrations most direct 
ly related to urgent national needs 
The military agencies have organ- 
ized laboratory systems so set up that 
the Bureau provides calibration serv- 
ices for a few reference standards lab- 
oratories, which in turn do calibrations 
for many lower-echelon laboratories. 
Similarly, some large industrial firms 
have established corporate standards 
laboratories which serve as intermed- 
iaries between NBS and their various 
plant laboratories. Some firms provide 
calibration services to industry at large 
on a commercial basis. By absorbing 
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a major part of the calibration work 
load, these commercial and military 
standards laboratories enable the Bu- 
reau to concentrate on development 
of standards and precision measure- 
ment methods. 


NBS Help to Standards Labs 


Though the Bureau must depend on 
other laboratories to make calibrations 
at the working levels, it is greatly 
concerned with the over-all calibration 
activity since the sole value of the 
national standards it maintains lies 
in their effective practical application. 
Therefore the Bureau strives by all 
means at its disposal to promote the 
competence and effectiveness of other 
standards laboratories and the calibra- 
tion services they provide throughout 
the Nation. The Bureau often provides 
information for design and planning 
of new laboratories, selection of equip- 
ment and development of procedures, 
and is concerned daily with numerous 
specific problems of measurement 
brought to it by other laboratories"®. 
Any standards laboratory may feel 
free to call on the Bureau for any 
assistance reasonable. Ordinarily no 
charge is made except normal calibra- 
tion fees. 

The Bureau encourages other labo- 
ratories continually to evaluate their 
own competence in calibration’®, but 
it does not rate, endorse, nor certify 
any laboratory. The Organic Act which 
defines the functions and activities of 
the Bureau does not give it this author- 
ity. Moreover, the Bureau feels that 
the competence in precision measure- 
ment that it wishes to encourage in 
other standard laboratories can be 
achieved best through cooperation 
rather thaa compulsion. 

To improve liaison with those who 
use the Bureau's services, a new advis 
ory committee on Calibration and 
Measurement Services recently was es 
tablished. It includes leaders in special- 
ized fields drawn from industry, and 
will foster NBS-industry cooperation 
in precision measurements and cali 
bration. 


NBS PUBLICATIONS 


Results of the Bureau's research and 
development are available through 
staff publications, both in the Bureau's 
own publications and in_ scientific 
journals. The Journal of Research of 
the National Bureau of Standards pre 
sents comprehensive technical papers 
in four separate sections: 1. Physics 
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and Chemistry, 2. Mathematics and 
Mathematical Physics, 3. Engineering 
and Instrumentation, and 4. Radio 
Propagation. Concise summaries of 
Bureau work are given by the NBS 
Technical News Bulletin. 

Each Journal section and the Bul- 
letin list current NBS staff publica- 
tions. The Bureau also publishes Basic 
Radio Propagation Predictions, and 
the following nonperiodical series: Ap- 
plied Mathematics Series, Monographs, 
Handbooks, Miscellaneous  Publica- 
tions, and Technical Notes. (Circulars, 
and Building Materials and Structures 
Reports recently have been discon- 
tinued.) 

A complete listing of NBS publica- 
tions is given in NBS Circular 460, 
“Publications of the National Bureau 
of Standards,” and its Supplement. 
($2.75 from the Superintendent of 
Documents, Government Printing Of- 
fice, Washington 25, D.C.) Selected 
NBS publications of interest to stand- 
ards laboratories are listed in an ap- 
pendix. Extra copies can be obtained 
by request to the Bureau's Office of 
Technical Information. Now in press 
is NBS Handbook 77, “Precision Meas- 
urement and Calibration,” a three-vol- 
ume compilation of measurement and 
calibration reprints, publications and 
technical papers by the NBS staff (See 
page 68). Another publication now 
under way is a measurement “primer,” 
which will be of value to workers in 
standards laboratories and others con- 
cerned with measurement problems. 


THE FUTURE 


Tomorrow our nation well may be 
faced with even more pressing meas- 
urement problems than today. New 
standards, techniques and instruments 
must be developed for fields yet un- 
known or only vaguely sugested by 
present knowledge. And there will be 
a constant search for better and more 
precise standards as older fields de- 
velop. With new, modern laboratories 
on the way (Figure 1) and with in- 
creasing government-industry coopera- 
tion on measurement problems, the 
Bureau will be better able to meet the 
increased responsibilities that lie ahead 
and to provide national !eadership in 
measurement science. 
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"How can standards of accuracy be assured?” 


Traceability— 
the Instrument “Pedigree” 


by S. C. RICHARDSON’ 
General Electric Company 
Schenectady, New York 


NO ONE QUESTIONS the im- 
portance of accuracy in everyday in- 
strumentation. But how many of us 
stop to consider the importance of 
traceability to national standards as 
a principal factor in our accuracy 
determinations? 

A given calibration program can be 
divided conveniently into five parts: 
1. standards and associated measure- 
ment equipment, 2. traceability to 
national standards, 3. environment, 
4. calibration procedures, and 5. per- 
sonnel. One factor common to all five 
is the challenge of sustained accuracy. 
If this challenge is not met, the pro- 
gram is doomed to failure. Merely 
establishing an accuracy goal and 
equipping for it is only the beginning. 
Attaining and maintaining that goal is 
a continuous effort. This means that 
the calibration program must have a 
dynamic rather than a static concept. 

Establishment of standards that are 
traceable to mational standards is first 


chain of calibration records, stretching 
back to some national reference stand- 
ards (Figure 1). For the most part, 
the ultimate end of standards tracing 
is the National Bureau of Standards 
(NBS). The ultimate reference also 
can be a nationally accepted physical 
constant, such as the acceleration due 
to gravity, or to standard reference 
samples. An example of the latter is 
apparent in temperature standards, in 
which the melting, boiling-vapor, or 
freezing-point temperatures of pure 
elements and compounds are the fixed 
points of the International Practical 
Temperature Scale. 


Establishing a System 


In establishing traceability, five 
items are particularly necessary: 1. a 
certificate file on reference standards, 
2. a recall system on reference stand- 
ards, 3. a recall system on working 
standards, 4. test records, and 5. cali- 


bration reports. The certification file 
on reference standards must contain 
certificates issued either by a higher- 
accuracy laboratory traceable to NBS 
or by NBS directly. The source of 
certification depends mainly on ac- 
curacy, cost, time requirements and 
geographic location. 

Once it is decided that reference 
standards will be tested periodically, 
a recall control file must be estab- 
lished. Then certification intervals are 
determined and a recall card is posted 
for each standard. Some system must 
be provided for the easy scheduling 
of recertification. It may be by hand, 
key-punch, or machine, depending on 
the number of standards involved and 
the facilities available. The recall file 
for working standards insures their 
periodic recalibration against the ref- 
erence standards. At this level, more 
standards and more-frequent tests are 
involved; therefore a more automated 
file system may be necessary 
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of all a matter of decision; should 
it be done or shouldn't it? If the 
manufactured end product is part of 
a system in which many industrial 
contractors participate, traceability is 
essential, and the answer to our ques- 
tion is obvious. All that remains is 
the not too difficult task of imple- 
menting the decision. 

Traceability, as described here, is 
the “pedigree” type — an unbroken 
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SUMMARY 
Present 
Resistance 
1.0000507 
0.9999888 
1.0000428 
1.0000594 
1.0000617 
1.0000942 1.0000947 +0.5 


1.0000497 1.0000497* 0.0 


*This value should not change. A change in the group aver- 
age is an indication of accumulated measurement error. 





Previous 
Resistance 
1.0000505 
0.9999886 
1.0000431 
1.0000592 
1.0000626 


Standard Diff. (P.P.M.) 


+0.2 
+0.2 
—0.3 
+0.2 
—0.9 
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Figure 3, (Above). An example of the 

group-average reference method. Six 1- 

ohm standard resistors are intercompared 

using the group average as the constant 
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mere Figure 2, (Left). A typical certificate 
issued for a standard platinum-platinum 
rhodium thermocouple. 


August 4 


Test records are a very important 
link in the chain of traceability. They 
must be initiated and maintained with 
care because they serve as ready refer- 
ences to the calibration-performance 
history of the standard under test. 
Finally, there is the calibration itself. 
Ir may be a certificate, a test report, 
or a calibration tag or label. Certifi- 
cates should state clearly that the stand 
ardization is traceable to NBS (Figure 
2). The other forms 
have similar brief statements, if their 
size permits 


report should 


As a specific example of the use 
of the above five items in a traceability 
program, we shall consider the Elec- 
trical and Physical Standards operation 
of the General Engineering Laboratory, 
General Electric Company. Here, our 
objective is to establish and maintain 
highly accurate standards for testing 
and certifying the reference standards 
of the Company's operating depart- 
ments. 


Certificate File. Because of the need 
for accuracy, this file consists almost 
entirely of certificates from NBS; how- 
ever, it also includes original certifi- 
from manufacturers. 


cates standards 
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Certificates are filed chronologically 
in separate subject folders: saturated 
standard cells, resistance, capacitance, 
inductance, force, temperature, mass, 
etc. 


Recall Control File, Reference Stand- 
ards. Because there are only 40 refer- 
ence standards involved, this is a very 
simple hand-sort card file, with the 
cards filed according to year of re- 
certification. Most of the 
are on an annual recall basis. 


standards 


Recall Control File, Working Stand- 
ards. This file contains approximately 
200 of our own standards, plus several 
hundred more from the Company’s 
operating departments. A hand-punch 
key-sort card file is used because of 
the larger number of items included. 
Cards are coded according to depart- 
ment month. Each month the 
items due the following month are 
dropped out of the file, and recall 
out. 


and 


notices are sent 


Test Records. These records may be 
kept in two basic ways. (1) For the 
more-complex or lengthy tests, a con- 
ventional-size column-type record sheet 


is used. Some have preprinted column 
headings; others are blank, permitting 
the headings to be written-in to fit 
the particular test. (2) A condensed 
summary of this record sheet is posted 
on a calibration history card. For less- 
complex test records, the calibration 
history card is used directly. 


Calibration Reports. Very often the 
calibration report is a certificate, al- 
though calibration tags, calibration 
labels, letter reports, and test reports 
On all certifications, 
reference is made to the traceability 
of the calibration to national standards. 


are used also. 


Certificates are a source of continu- 
ous difficulty if their preparation 1s 
not monitored adequately. They must 
be correct. Errors are inexcusable, and 
extensive precautions must be taken 
to guard against them. An instruction 
policy must be established for writing 
new certificates, and a sample book 
should be maintained, showing the 
certificate pattern for a given device. 
The manager should review each new 
certificate, making sure it conforms to 
the certificate instruction policy. Later 
certificates then must follow this same 





At G.E.’s General Engineering 
Laboratory, Schenectady, an engi- 
neering technician calibrates a 
platinum resistance thermometer 
at the freezing-point temperature 
of pure zinc. 


sample pattern unless there is a major 
change in test procedure or in the 
device itself. Even with the best of 
multi-check systems, it is only by em- 
ploying competent, conscientious, and 
fully trained personnel that certificate 


errors can be made to approach zero. 


Technical Considerations 


A number of technical considera- 
tions are of major importance to both 
traceability and sustained accuracy at 
the reference level. The object is to 
have the best possible stability and 
accuracy, completely traceable to na- 
tional standards—but with the use of 
a minimum number of interlaboratory 
standards between the local calibrating 
point and NBS. 


One excellent technique involves 
the use of similar standards, in which 
the group average serves as the ref- 
erence and individual standards are 
measured in terms of this average 
(Figure 3). For example, our standard 
of resistance is the average value of 
a group of seven l-ohm Dr. Thomas- 
type, sealed manganin resistors. This 
group average is multiplied and di- 
vided in decimal intervals by means 
of a Wenner precision comparator 
bridge and ratio resistor, so that the 
reference is extended up to a 10,000- 
ohm group and down to a 0.0001-ohm 
group. Of a total of 45 
standards covering 9 decades, only 5 
are used on an interlaboratory basis 
with NBS. These include three 1-ohm 
resistors used on an alternating sched- 
ule to assure the stability of our group 
average, along with one 10,000-ohm 
and one 0.0001-ohm resistor used to 


monitor the multiplication and divi- 


resistance 


sion operations. A group-average ret- 
erence is used also in emf standards 
Out of a group of 24 saturated stand- 
ard cells, six served as interlaboratory 
comparison standards with NBS. Long 
experience (35 years) has shown that, 
by comparing with NBS every third 
year, agreement with national stand- 
ards can be maintained within one 
part per million 


Similar group-average reference and 
extension techniques are possible for 
capacitance and inductance standards 
A group of 0.1 microfarad (uf) ca- 
pacitors serves as the reference. This 
is extended in decades up to 10 uf and 
down to 0.01 picofarad (pf).* Over 
these eleven decades, the accumulated 
Using the 
same ratio equipment, a 100-milli- 
henry (mh) standard inductor is em- 


error is less than 0.01%. 


ployed as a reference over the six 
decades from 100 microhenrys to 10 
henrys. By these techniques, traceabil 
ity to national standards (for a group 
of over 40 capacitors and inductors) 
can be maintained with relatively few 
interlaboratory standards. Being new, 
this program cannot be established in 
detail until more calibration history 
is available. It may be found that in- 
terlaboratory standards used at alter 
nate decade levels, or even less, are 
sufficient. 


Accuracy Level 


A measure that is sometimes ap- 
plied to the status, or accuracy level, 
of a laboratory is the number of steps 


*“A Ratio Transformer Bridge for Stand- 
ardization of Inductors and Capacitors” 
by D. L. Hillhouse and H. W. Kline, IRE 
Transactions on Instrumentation, Nov 
1960, p. 180 


it is removed from NBS. Techniques 
like those just described are analogous 
to methods used at NBS in extending 
the measurement unit. They should 
not be regarded as extra steps in the 
when 


calibration chain, 


interlaboratory standards are used to 


particularly 


monitor the accuracy of range exten 
sion. These techniques provide a means 
of locking-in-step with NBS at the 
reference level before starting meas 
urement programs on the working 
standards level. The advantage is that 
it gives a more dependable reference 
on which to base traceability to na 
tional standards. Also, higher accuracy 
can be extended to both ends of the 
measurement range, when special re 
quirements warrant it 


Observations 


A few secondary observations are 
worth noting. For one thing, a prob 
lem in definition and terminology ex 
ists within the field of calibration 
programs. No solution of this problem 
is attempted here; but recognition of 
the problem indicates that a careful 
and specific communication approach 
is in order. Many problems are ap 
parent in the various operational as 
pects of calibration programs too. But 
fortunately, there are common solu 
tions to these problems, many of which 
been provided by calibration 
programs of the Armed Services. The 
fact that industry wisely has adopted 
some features from these programs 
is evidence of the need in industry 


have 


and the effectiveness of the military 
programs 
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"Are standards programs economically justifiable ?” 


Evaluating Measurement Standards 


by BERT AXMAN 
Supervising Engineer 
Quality Control Dept. 
Boeing Airplane Co. 
Aero-Space Division 
Seattle, Washington 


SCIENTIFIC ADVANCEMENTS 
and commercial product improvements 
are limited, to a great extent, by our 
ability to measure. Our ability to meas- 
ure, in turn, is limited by our success 
in standardizing the instruments with 
which we measure. So the impact of 
instrument standardization programs 
on the overall economy is far reaching. 

Basically the standards program de- 
pends on the technical excellence of 
the standards themselves and the pro- 
ficiency with which they are used. 
Without this “foundation” there can 
be no standards program. 

Much more than technical quality 
is required, however, to carry out a 
standards program economically and 
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adequately. A number of other factors 
must be controlled. 

The economic evaluation of stand- 
ards then will be considered from 
these two positions — (1) with re- 
spect to the end purpose of the in- 
struments undergoing standardization, 
and (2) with respect to the operational 
and administrative aspects of the pro- 
grams themselves. 

Standardization is a support service; 
it assures that actual values of the 
measured or controlled variables do 
not deviate from either absolute or 
comparative values by more than es- 
tablished amounts. In order to have 
compatibility between the programs 
and the product characteristic, close 
association between standardizing or- 
ganizations and all other responsible 
parties is essential. 


Product Tolerances 


In particular, the product tolerances 
must be established through the close 
cooperation of a number of depart- 


mental groups. Frequently, tolerances 
are called out on drawings or specifi- 
cations in terms of overall tolerance 
spreads. These are composed of indi- 
vidual increments of errors for en- 
gineering, tooling, manufacturing, in- 
strumentation, calibration, and obser- 
vation. If any of these errors exceed 
their pro-rated share, a sufficient al- 
lowance may no longer remain for 
the others. For example, if manufac- 
turing errors exceed their pro-rated 
tolerance allowance, the remainder of 
the total spread may be insufficient 
for instrument calibration and obser- 
vational errors. As a result, out-of- 
tolerance conditions may evade detec- 
tion, thus permitting discrepant parts 
to pass inspection. As an economic 
consequence, scrap, rework, and below- 
standard performance may be exces- 
sive. 

To prevent this, a mutual effort by 
all departments is necessary to uncover 
tolerance call-outs that cannot be real- 
ized because of limitations in produc- 
tion or measuring capabilities. If for 
any reason a given tolerance cannot 
be realized, the distribution or magni- 
tude of the tolerance spread should 
be altered. Because of their knowledge 
of instrument accuracies and capabil- 
ities, standardization organizations are 
in an excellent position to make major 
economic contributions to the product 
by helping to establish realistic toler- 
ances. 


Figure 1, Many standards labora- 
tories find it economically advis- 
able to combine instrument repair 
and calibration procedures. In se- 

uence, technicians test, trouble 
shoot, repair, calibrate, and certify 
instruments. 
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Figure 2. A typical punched card for recording calibration data. For new in- 
struments, information is entered by hand in blocks 1 to 80, “Check,” and “Due 
Date” blocks. For later calibrations, hand entries are made only in blocks 71 to 80. 


Instrument Applications 


Instruments should be calibrated ac- 
cording to their application. That is, 
they should be neither under-calibrated 
nor over-calibrated for their specific 
tasks. On the one hand, the instrument 
measurement or controlled variable 
suffers from a deficiency in instru- 
ment performance; on the other hand, 
extra calibration work is performed to 
no avail. 

The advantages of application co- 
ordination can be illustrated as follows: 

1. Frequently galvanometers are 
used only for indicating null voltages. 
In these instances, calibrations at spe- 
cific voltages may contribute nothing 
to the galvanometer's performance. 

2. Although transducers may have 
a stated sensitivity of 0.1%, their 
stability and repeatability may impose 
usage limitations to 1.0%. In this 
event, calibrations to 0.1% have no 
practical value. 

3. Even though some voltmeters 
are rated for usage throughout a fre- 
quency spectrum, in practice they may 
be used only at 400 cycles. No benefit 
then is derived by calibrating at other 
frequencies. 

4. Frequently, measuring and test- 
ing systems composed of two or more 
pieces of general-purpose measuring 
equipment are used. Because some or 
all of the individual components may 
function only through a limited seg- 
ment of their potential capabilities, 
calibrations falling outside of 


the 


usable limits are redundant and of no 
benefit to the system performance. 

5. In many industrial processes in- 
strument performance is correlated 
with physical or chemical phenomena 
and/or environmental conditions to 
create desired changes in the product. 
A number of process variables are ad- 
justed to give the desired end result, 
and once optimum conditions are es- 
tablished, the relationship between 
these must be fixed. In these instances, 
instrument repeatability — not ac- 
curacy — is of major importance. In 
fact, re-calibrating certain instruments 
may cause more harm than good, un- 
less precautionary measures are taken 
to assure that the prevailing balance 
between existing instrument calibra- 
tions and other disturbing factors does 
not change. 

The foregoing examples are instances 
wherein it is desirable to tailor the 
calibration of individual instruments. 
At the other extreme, sometimes no 
consideration is given to instrument us- 
age when calibrations are performed. 
These are strictly in accordance with 
the range and accuracy ratings of the 
instruments. Many times, this practice, 
being economically sound, is employed; 
but sometimes a position somewhere 
between the two extremes is most 
economical. One desirable technique 
divides a group of similar instruments 
into blocks. Each block is identified 
and restricted for usage at a limited 
parametric value; that is, according 
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to accuracy, range, frequency, etc. One 
block of voltmeters, for example, may 
be restricted for 60-cycle measure- 
ments, and another block for 400- 
cycle measurements. Each block is cali- 
brated only at its particular frequency 
thus decreasing the number of re- 
dundant calibrations. 


Proper Usage 


Instruments must be applied prop- 
erly with respect to inherent meas- 
urement limitations, otherwise the 
value of the standardization effort 
largely is lost. Perhaps the most com- 
mon example is the proper coordina- 
tion of scale range and magnitude of 
measured values. Even though the er- 
ror factor of many instruments is 
expressed as a percentage of full-scale 
readings; with many instruments much 
of the error is a fixed value, independ- 
ent of the magnitude of the reading 


Therefore when scale readings decrease. 


the error, expressed in percent of ac- 
tual scale readings, increases. It is 
possible then that a reading taken at 
the lower portion of the scale may be 
inaccurate regardless of how well the 
instrument is calibrated. This, in effect, 
tends to nullify the calibration effort 


Uniform Calibration 


Calibration techniques should be 
standardized as much as possible. The 
degree of uniformity is limited by 
such factors as compatibility between 
different makes and models of cali- 


55 


GLOBE 208667 








Figure 3. Typical 
“Operating Char- 
acteristic Curve” 
indicates the per- 
cent of tota1 risk 
defectives plot- 
ted against prob- 
ability of deci- 
sion to change 
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bration equipment, relative quantities 
of instruments undergoing calibration, 
and differences in instrument applica- 
tions. Even so, the economic advant- 
ages of standardized calibration tech- 
niques have such potential that they 
merit industry-wide consideration. 

One direct advantage is the reduc- 
tion in cost of developing and docu- 
menting calibration procedures. When 
hundreds of different makes and mod- 
els of instruments are involved, the 
cost of this work is considerable. A 
joint effort will minimize the cost 
to each participating organization. 

Perhaps the greatest benefit, how- 
ever, is in the end product. Product 
parts and components usually are made 
in different parts of the country. Un- 
fortunately, it is the rvle, rather than 
the exception, that the instruments 
used to control the size and perform- 
ance of these parts have been stand- 
ardized by different laboratories. In 
effect, the mating ability of the parts 
and their resultant performance as 
assembled components are functions 
of compatibility between instrument 
measurements. Uniformity of calibra- 
tion techniques would affect this com- 
patibility favorably, because it would 
improve the interchangeability and 
performance characteristics of the 
product. It has an overall beneficial 
effect on product reliability, quality, 
and cost. 

Agencies, such as the National Bu- 
reau of Standards (NBS), are making 
notable contributions toward the stand- 
ardization of calibration practices. The 
scope of the problem is so extensive. 
however, that perhaps technical so- 
cieties, instrument manufacturers, ma- 
jor instrument users, government 
agencies, standardization organizations, 
and others should join forces for its 
solution. 
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Combined Repair/Calibration 


In any economic evaluation of stand- 
ards, the matter of instrument repairs 
should be considered. 

Repairs and calibrations actually are 
closely allied. In one respect, stand- 
ardization may be considered as pre- 
ventive maintenance; that is, the tak- 
ing of corrective action before dis- 
crepancies occur. Often calibration 
checks reveal the need for instrument 
repairs. Moreover, in order to effect 
repairs, intermediate calibration checks 
frequently are made to assure that 
parts are properly matched, connected, 
and adjusted. With this in mind, it is 
not too surprising that substantial 
economic gains many times may be 
realized by combining the two opera- 
tions (Figure 1). Although this is not 
always desirable, or even feasible, the 
potential advantages nevertheless are 
sufficient to merit full consideration of 
this action. 


Record Systems 


An adequate record system, varying 
from simple card files to automatic 
data-processing systems, is economical- 
ly necessary in any program. 

Manual card files usually are ade 
quate for a lirnited number and type 
of instruments; but as a program 
grows, the need for more control data 
increases and a point is reached where 
automatic handling is justified. One 
such automatic system employs 
punched cards (Figure 2). 

When a new instrument is entered 
in the calibration program, a card is 
filled out by the calibration shop. 
Ceded entries are handwritten to show 
make, model number, calibration docu- 
ment number, location, calibration due 
date, calibration shop, shop ownership, 


and, for a completely new instrument, 
the coded calibration data. 

The card is sent to the data reduc- 
tion group, where two punched and 
printed duplicates are prepared: one 
is sent to the calibration shop 5 days 
before the due date, and the other 
is retained as a master. 

From these masters, weekly tabula- 
tion runs, codified by owning shops, 
are prepared — listing instruments 
due for calibration on each day of the 
subsequent week. Copies of the runs 
are sent to both the interested calibra- 
tion shops and the shops owning the 
instruments. To give the instrument 
users ample opportunity to comply 
with the calibration schedules, these 
runs are distributed 5 days before the 
due date. 

After the instruments are calibrated, 
pertinent data, such as cost, status, 
defect classification, calibration, and/or 
repair time are noted in appropriate 
spaces. Then the cards are returned to 
the data reduction group, which proc- 
esses and transfers the data to histori- 
cal records. Here it is coded for in- 
ventory, operational analysis, and cost- 
control purposes. 

If the preprinted cards are not re- 
ceived by the data-processing group 
within 5 days after calibration due 
dates, overdue notices are sent to both 
calibration and using shops. This con- 
trol, plus the advance due-date notices, 
is effective in keeping the number of 
deliquent calibrations low. 


Recycle Periods 


Proper adjustment of calibration re- 
cycle periods is one of the most im- 
portant controls, both in regard to 
laboratory operating costs and the 
value of standardization to the end 
product. Statistical techniques provide 
a scientific basis for making these ad- 
justments. This is done by comparing 
instrument tolerances on arrival at the 
calibration shop with the predeter- 
mined acceptable and unacceptable 
percents of defectiveness. 

Recycle periods should be short 
enough so that the number of instru- 
ments used in out-of-tolerance condi- 
tion at one time is unlikely to exceed 
the unacceptable percentage. They 
should be long enough, however, so 
that the number of instruments used 
in out-of-tolerance condition seldom 
will fall below an acceptable percent- 
age of risk defectives. If the calibra- 
tion periods are too long, the number 
of instrument errors is excessive; if 








Figure 4. “Risk Defective Chart” 
shows when recycle periods 
should be changed. Acceptable 
conditions are represented by 
plotted points falling in the corri- 
dor between the limit lines. 
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too short, calibrations are made more 
frequently than necessary. An ideal 
recycle period maintains the percentage 
of out-of-tolerance instruments in use 
within the control corridor. 


Before this technique can be ap- 
plied, however, a standard of “allow- 
able risks” must be determined. This 
is accomplished by considering the 
effects that erroneous indications have 
on the end function of the measure- 
ments. They are called “Risk Defec- 
tives” and are accumulated throughout 
the life of the instrument. Because 
this classification consists only of risks 
uncovered during calibration, other de- 
fects found by instrument users, such 
as sticky needles, erratic operation, 
broken parts, etc., do not constitute 
measurement risks. As a result of any 
of the latter conditions, the instru- 
ment’s use is discontinued immediately. 


Once the minimum and maximum 
percentages of risk defectives have 
been established, an Operating Char- 
acteristic (OC) curve is plotted (Figure 
3). It indicates the probability of need 
for either lengthening or shortening 
the period for various percentages of 
risk defectives. 

The figure shows that at 10% risk 
defectives, 95°% of the decisions will 
be to shorten the recycle periods; 
whereas at 6% risk defectives, 95% 
of the decisions will be to lengthen 
the periods. 


The two control points on the OC 
Curve are used in establishing a Risk 
Defective Chart (Figure 4). This chart, 
in turn, provides a means of ascertain- 
ing when changes in the recycle period 
should be made. 

A point is plotted each time an 


additional instrument is calibrated. 
Therefore the chart portrays the total 


risk defectives for the total instru- 
ments calibrated. As long as the points 
remain between the two control lines, 
the calibration period is satisfactory 
As soon as one of the control boundary 
lines is crossed, however, the calibra- 
tion period is either shortened or 
lengthened (depending on which 
bcundary line is crossed), and a new 
chart is established. In this way, a 
continuous means of monitoring and 
adjusting the recycle period to opti- 
mum values is provided. 


Obviously, a rapid and convenient 
method of accumulating risk defective 
data is of paramount importance; the 
punched-card system previously de- 
scribed serves this purpose well. 


When a sizable quantity of similar 
instruments is issued from a central 
crib, an entirely different control may 
be applied to the recycle period. In this 
plan, instruments are sealed following 
calibration, so that they cannot be 
used without having their seals broken. 
Should an instrument arrive at the 
crib on its recalibration date with its 
seal still intact, it is recertified to the 
next date without recalibration. Natur- 
ally, this plan is effective only for in- 
struments whose need for calibration 
is a function of the amount of usage. 
This control has an added advantage 
for inventory purposes: it provides a 
good clue to the number of instru- 
ments stocked in excess of require- 
ments. 


Sampling Plans 


Sampling plans can be applied ef- 
fectively to large numbers of the same 
type of instruments, when they are 
used under similar conditions. As with 
recycle periods, a risk defective cri- 
terion first must be established. Usual- 
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ly, this is a compromise between cali- 
bration cost and the effects of errone- 
ous measurements. Once these risks 
have been defined, sampling plans 
economically assure that the risks will 


not be exceeded. 


As an example, when hand microm- 
eters are calibrated, a sample size is 
selected and random samples are taken 
periodically from each lot of instru- 
ments. If a certain number are cali- 
brated and found to be risk defective 
(out-of-tolerance by more than the 
acceptable amount), the entire lot is 
calibrated. Such a sampling plan, lot 
size and quality levels permitting, has 
been found to reduce calibration work 
by as much as 80% 


Conclusion 


The worth of industrial instrument 
standardization programs is measured 
by the degree in which they improve 
the quality, quantity, reliability, inter- 
changeability, or performance of the 
end product. These benefits must do 
balance the the 
standardization programs 
In order to achieve these objectives 


more than cost of 


themselves 


it is important that the standardization 
methods impart the greatest potential 
value to the product with the mini 
This dictates a need not 
only for technical excellence of the 
standardization effort, but 
exercise of associated control. 


mum costs 


also’. the 


The means of accomplishment are 
so dependent on organizational poli 
cies, structures, products, and opera 
tions that no one pattern applies to 
all organizations. It is certain, how 
ever, that effective controls must be 
devised and applied if full economic 
value from the standardization effort 
is to be realized. 
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"What kind of environment is best for standards labs ?” 


Recommended Environments 


for Standards Laboratories 


A report by ISA Measurement Standards Division Task Force* 


TODAY, THERE is a widely recog- 
nized need for some measure of facility 
planning for measurement-standards 
laboratories. This is indicated by the 
fact that nearly all the laboratories are 
air-conditioned, with conscious efforts 
being directed toward cleanliness and 
order. Too often, the problem is con- 
sidered to end with attractive sur- 
roundings and air-conditioning, be- 
cause the reasons for environmental 
control are not understood fully. 

Although everything in and about 
a measurement-standards laboratory, 


Superior numbers refer to similarly 
numbered references at the end of this 
article 


including the people’, may be classi- 
fied broadly as “environment,” there 
are certain specific factors that demand 
particular attention. These, almost 
without exception, are the trouble- 
makers common to measurement- 
standards laboratories: 
1. temperature and rate-of-change 
of temperature 
relative humidity 
vibration and shock 
. dust 
. electrical and 
noise 
6. acoustic noise 
7. lighting. 
There are other pertinent environ- 
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mental factors, such as gravity, baro- 
metric pressure, magnetic fields, and 
nuclear radiation, to name a few. Some 
of these, for instance gravity and baro- 
metric pressure, normally are deter- 
mined accurately and corrected for; 
others are a problem only in certain 
localized cases. Here we shall consider 
only those factors noted in Table I. 
These suggested conditions are not 
meant to be more than guideposts. The 
planning should be based on the par- 
ticular need for a given laboratory and 
should take into account all available 
published information on laboratory 
environmental conditions. 

In most large industrial organiza- 
tions and in military services, there 
are teams of engineers who specialize 
in the construction of facilities. Their 
knowledge and experience should be 
utilized fully by instrumentation engi- 
neers and supervisors. Instrumentation 
personnel, after gaining experience in 
facility problems, then can be expected 
to make valuable contributions to these 
teams. 

Now let us consider each of the 
parameters separately, noting the prob- 
lems, suggesting courses of action, and 
recommending future action. 


Temperature and 
Rate-of-Change of Temperature 


in measurement-standards work the 
sources of error caused by temperature 
variations are many and varied. The 





TABLE | 


SUGGESTED STANDARD ENVIRONMENTAL CONDITIONS FOR MEASUREMENT STANDARDS LABORATORIES 





(Submitted for Disc and C 





| 

LABORATORY TEMPERATURE 
Reference } 23°C. 
= 


Standards 
(Dimensional) 


r 4 
.3°C. per hour 


Reference °C. = 1.2°C. 
Standards 

(Electrical- 

Physical) 


per hour 


Working 
Standards 
(Dimensional) 


per hour 


Working 

Standards 

(Electrical- 
Physical) 


per hour 





| RATE OF 
CHANGE OF 
TEMPERATURE 


20°C Less than 0.6°C. 


Less than 1.1°C. 


Less than 1.1°C. 


Less than 1.7°C 


RELATIVE VIBRA- | DUST (PARTI- 


HUMIDITY TION CLE COUNT) 


50% + 2% 


| 
0.001G Less than 1.0 x 
Max. 


10*/ft.* over 1.0 
micron; fess than 
5.0 x 10*/ft.* 
over 0.5 micron 


Less than 20.0 x 
10*/ft.* over 1.0 
micron; less than 
100.0 x 10*/ft.* 
over 0.5 micron 





Less than 20.0 x 
10*/ft.* over 1.0 
| micron; less than 
100.0 x 10*/ft.* 
over 0.5 micron 


| Less than 20.0 x 
10*/ft.* over 1.0 
| micron; less than 
100.0 x 10*/ft.* 
over 0.5 micron 


ELECTRICAL 

AND RADIO 

FREQUENCY 
NOISE 


LIGHTING 
(AT BENCH ACOUSTIC 
LEVEL) NOISE 


100 foot- 
candles at 
bench tops 


50 db Max 
(above 10 
watt/cm?) 


50 db Max 
(above 10-" 
watt/cm?) 


80 foot- 
candles at 
bench tops 


60 db reduc- 
tion of inter- 
ference 


60 db Max 
(above 10-"* 
watt/cm?*) 


80 foot- 
candles at 
bench tops 


60 db reduc- 
tion of inter- 
ference 


60 db Max 
(above 10-"* 
watt/cm*) 


80 foot- 
candles at 
bench tops 








emf of standard cells varies with the 
level of electro-chemical activity, which 
is a function of temperature; although 
it is relatively small at normal labora- 
tory temperatures, the manganin wire 
in standard resistors does have a tem- 
perature coefficient of resistivity; me- 
tallic gage blocks have a temperature 
coefficient of expansion; and junctions 
of dissimilar metals produce thermal 
emf's if there are temperature vari- 
ations between parts of a setup. Per- 
haps a few numerical examples will 
illustrate the point. 

Because the emf of standard cells 
varies with temperature at approxi- 
mately 4 x 10° volt per degree Centi- 
grade, a change in temperature of 
0.05°C will produce about a two- 
microvolt change, approximating a 
certification accuracy of 0.0002%. A 
change of about 1.3°C will cause 
a shift of about twenty parts per mil- 
lion (ppm), or 0.002% in value of 
a typical standard resistor; in itself, 
this equals a normal certification ac- 
curacy tolerance. The best steel gage 
blocks available, designated as AA, 
Laboratory Grade, Class 1, have a 
length tolerance of two microinches 
per inch on blocks longer than one 
inch. These same blocks? have a co- 
efficient of thermal expansion in the 
range of from 9 to 12 microinches 
per inch per degree Centigrade, there- 
fore a change in temperature of 0.2° C 
would effect a change in length ap- 
proximately equal to the gage-block 
length tolerance. 

Although the values used above are 
nominal and approximate, they do 


serve to illustrate the need for con- 
trolling temperature. Vertical temper- 
ature gradients too may be a source 
of inaccuracy, particularly in tall in- 
struments such as manometers. 
Fortunately, most electrical and 
some physical standards for instru- 
ments may be placed in baths or en- 
closures, which provide ultra-precise 
temperature control and uniformity. 
Unfortunately, however, in a dimen- 
sional standards area, it is not feasible 
to place large precision comparators 
and interferometers in oil baths or 
enclosures. Hence, it becomes neces- 
sary to control temperature more rigid- 
ly in a dimensional-standards area than 
in a general electrical-physical area, 
although these standards and instru- 
ments themselves are no more critical. 
The suggested temperature specifi- 
cation in Table I for an electrical- 
physical reference standards laboratory 
is a widely used one. It is specified by 
ASTM and other agencies’. Three very 
good reasons formed the basis for this 
specification: 1. with the accompany- 
ing humidity specification it provides 
personnel comfort; 2. it affords rigid 
control, thereby limiting the number 
of standards and instruments required 
for special isolation; 3. it is economical. 
As indicated previously, the equip- 
ment used in dimensional areas cannot 
be isolated easily. Presumably, the 
National Bureau of Standards (NBS) 
is considering certification of gage 
blocks at both 20°C and 23°C. We 
think the latter specification would 
provide greater consistency between 
laboratory areas, feel comfortable to 


more people, and ease the required 
cooling capacity; but the former speci- 
fication currently is in wide use. This 
particular point is worthy of extensive 
future discussion. 

A gage block example (noted previ- 
ously) indicated a temperature control 
tolerance of 0.2° C, but for comparison 
purposes (assuming all blocks involved 
have been stabilized in the same en- 
vironment) the difference in coeffi- 
cients of thermal expansion assumes 
primary importance. A temperature 
tolerance of 0.67° C presumably would 
be necessary to hold a length tolerance 
of 2.0 microinches per inch for a span 
in coefficients of thermal expansion 
of 3.0 microinches per inch per degree 
Centigrade for the common gage-block 
materials. In this light, the specifica- 
tion in Table I seems to be sufficiently 
conservative. The suggested specifica- 
tions for rate-of-change of temperature 
are the minimum rates that should be 
easy to attain with the equipment re 
quired to produce the suggested tem- 
perature conditions. 

Figure 1 illustrates an excellent 
example of non-uniform temperature 
distribution within a room. The tem- 
peratures were taken with calibrated 
thermometers in an actual measure 
ment-standard area at two different 
times of the same day. The non-uni 
formity was partially by 
adjustment of louvers at inlet ducts, 
but complete uniformity was not at- 
tained because of the non-uniformity 
of walls adjacent to areas of variable 


alleviated 


temperature and the absence of an 
air-lock at the entrance. In view of 
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Figure 1. A temperature survey of 
a typical electrical-physical meas- 
urement-standards area reveals 
discrepancies in controlled tem- 
perature for two times during a 
given day, even though the tem- 
perature at the control point re- 
mained stable. 


this experience, the following recom- 
mendations might be made: 


1. When p*ssible in laying out new 
facilitie., areas of rigid temper- 
ature control should be adjoined 
by less critical areas having ap- 
proximately the same tempera- 
ture (Figure 2). If this is not 
possible, layers of insulating ma- 
terial, such as glasswool, should 
be used in the wall construction. 
A suitable “target” is an insula- 
tion factor of 0.01 BTU per 
hour per square foot per degree 
Fahrenheit. 


. Conditioned air should be sup- 
plied through a duct system 
having the ability to provide 
uniform flow and easy compen- 
sation (adjustable baffles) for un- 
foreseen “hot spots” or localized 
gusts. 


Return air ports should be dis- 
tributed to provide a continuous 
flow of air in all parts of the 
room. 


Attempts to control very large 
areas from one control point will 
result in poor temperature dis- 
tribution. The maximum area 
that can be accommodated by 
one control point will vary with 
system design and environmental 
conditions, but a nominal maxi- 
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mum figure would be about 
10,000 cubic feet. 


. Central systems supplying several 
areas will need to be equipped 
with mixers and/or regulators to 
meet the varying demands. 


Fresh air should be introduced 
into the system at a continuous 
rate of at least 20 to 25% of 
total air flow. 


Air-conditioning systems for lab- 
oratory areas normally should be 
over-designed, because usually it 
is a foregone conclusion that 
more equipment and personnel 


will be added. 


Air locks should be provided 
between areas of different tem- 
perature. 


Humidity 


The effects of extremes in relative 
humidity can be quite severe. Metallic 
corrosion, conductive films on instru- 
ments, permanent changes in the value 
of certain electrical standards*, and 
personnel discomfort all result from 
prolonged exposure to excessive hu- 
midity (over about 60%). Excessively 
dry air—below about 30% relative 
humidity (RH)—aids the buildup of 
static charges and tends to dehydrate 
packing and gasketing materials. 


Between these two extremes, varia- 
tions in RH do have some effect on 
the values of certain fixed standards. 
For example, air capacitors* and cer- 
tain inductors® change in value within 
a range from 2 to 7 parts in 100,000 
for a variation in RH of 10%. 


The specification suggested for RH 
in Table I was based on the following: 


1. It falls between the damaging 
extremes of 30% and 60%. 


. With the temperature specifica- 
tion, it provides a comfortable 
condition for most personnel. 


It provides a sufficiently narrow 
span of RH to minimize changes 
in the value of fixed standards. 


It approximately equalizes the 
problems of moisture removal in 
damp areas and moisture addi- 
tion in dry areas’. 


NBS and many other standards 
laboratories have found it eco- 
nomical. 


It is enjoying wide use currently 


Methods for control of humidity are 
almost as varied as those for temper- 
ature and are related to them closely. 
One approach to humidity control is 
to saturate the air at its specific dew 
point (chosen by means of a psychro- 
metric chart), so that the air will con- 
tain the proper moisture for a speci- 
fied RH when the air is heated to the 
desired temperature. 


Vibration and Shock 


Vibration, even in moderate 
amounts, can be extremely trouble- 
some in a measurement-standards lab- 
oratory, especially in its effect on 
sensitive galvanometers, balances, and 
many types of optical instruments. 
Sources of vibration include moving 
vehicles, rotating and reciprocating 
machinery, and geological disturbances, 
but the problem is most severe when 
the laboratory itself is a moving ve- 
hicle. A few of the available case 
histories® illustrate the seriousness of 
this problem: 


1. A hardness tester, when subjected 
to a vibration amplitude of 595 
microinches peak-to-peak at a 
fundamental frequency of 10 cps, 
failed to provide repeatable read- 
ings and suffered damage to the 
diamond styli. It was found that, 
by reducing the amplitude to 32 
microinches peak-to-peak, fur- 
ther damage was eliminated 
and repeatable readings were 
obtainable. 


. The light beam of a reflecting 
galvanometer was offset one 
millimeter by a vibrational dis- 
turbance of 8.9 microinches 
peak-to-peak. 


. When subjected to a vibration 
of 65 microinches peak-to-peak, 
an analytical balance could not 
measure small masses to a speci- 
fied resolution. Reduction of the 
amplitude to 16 microinches 
peak-to-peak produced §satisfac- 
tory results. 


Available data suggest that, although 
the sources and amplitudes vary wide- 
ly, most laboratory vibrations fall in 
a relatively narrow band of frequencies 
from about 5 to 50 cps. Many instru- 
ments, however, are affected most 
seriously by Aigher frequencies, and 
one should not be astonished if such 
frequencies are encountered. 


Like vibrations, shock impulses also 
can damage instruments severely. This 
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Figure 2. A hypothetical laboratory arrangement. Utility areas and other details have been omitted purposely. 


is true especially when the impulses 
have a large energy content (are of 
a long duration or large amplitude). 
Fortunately, many shock impulses, 
such as earth perturbations, accidental 
droppage of heavy objects, and nearby 
explosions, occur randomly and there- 
fore are not a continuous source of 
trouble. 

The suggested vibration specifica- 
tion stated in Table I is in terms of 
acceleration, because the accelerating 
force, after all, is the real culprit. At 
any given frequency, the conversion 
from acceleration to displacement is 
very simple. 

No separate specification has been 
suggested for shock because of the 
difficulty in standardizing on wave 
shapes, amplitudes, and duration. 

The minimization of vibration and 
shock disturbances can be an impor- 
tant consideration even during the 
construction of a building. A heavily 
reinforced concrete building or build- 
ing foundation, supported by caissons 
resting on bed rock, will minimize the 
effect of purely local disturbances. 
Truncated pyramid-shaped blocks of 
concrete, set in beds of sand and upon 
which masonry piers may be built,’° 
have served very satisfactorily as foun- 
dations for galvanometers and other 
sensitive instruments. In some in- 
stances it may be necessary to isolate 


the entire laboratory from the rest of 
the building by using separate footings 
and a layer of isolating material." 

Even after all the precautions have 
been observed during facility con- 
struction, the need will arise for iso- 
lating individual instruments. When 
this happens, the frequencies of vibra- 
tional disturbances will have to be 
measured. Then, by referring to tables 
or charts of transmissibility for various 
damping ratios,’* the natural frequen- 
cy of the system (including the instru- 
ment and its isolating material) will 
have to be set below the lowest fre- 
quency to be isolated. Usually, it is 
sufficient to set the natural frequency 
at about 60% of the lowest frequency 
to be isolated. The static deflection 
(X,, in inches) of the isolator, when 
the sensitive instrument is placed on 
it, can be determined within about 
2% for any given natural frequency 
(fn) im cycles per second by the rela- 
tionship: 
10 
ta* 

Many shock impulses will be iso- 
lated effectively by measures used for 
vibration isolation. 


X, =~ 


Dust 


In a laboratory, dust particles are 
more than just a nuisance; they can 


be abrasive, conductive, damaging to 
permanent-magnet type instruments, 
and even injurious to the health of 
people. 

Most of the dust specifications from 
various laboratories specify the effec- 
tiveness of filtration, whereas only 
a few specify allowable particle counts 
and sizes. But it is only the latter that 
is truly definitive, because the filtra- 
tion specifications do not define the 
degree of cleanliness of the source air 

Some measure of dust filtration is 
provided in most air-conditioning sys- 
tems by washing action of sprays and 
atomizers, but this usually is supple- 
mented by electrostatic and/or me- 
chanical filters of the activated char- 
coal, oil-coated, or ribbon type—and 
by maintaining a slight positive pres- 
sure in the conditioned room. Before 
a filter specification can be formulated, 
however, some knowledge of the dust 
content of the source air is required. 
Most filtering systems that are capable 
of removing 99.9% of particles larger 
than 1.0 micron and 90% of particles 
0.3 to 1.0 micron will be adequate for 
the more rigid of the two suggested 
specifications in Table I. In less critical 
areas, systems capable of removing 
99% of particles larger than 10 mi- 
crons, 95% of particles 5 to 10 mi- 
crons, and 65% of particles smaller 
than 5 microns will suffice, provided 
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the dust sources within the room are 
minimized. When access to the room 
is through dusty or dirty areas, such 
measures as shoe cleaners, shoe booties, 
and clothing vacuums may be required 
in addition to the normal lint-free 
garments. In coastal areas special meas- 
ures may be required for removal of 
salinity. 


Electrical and 
Radio-Frequency Noise 


The need for shielding in labora- 
tories is recognized widely. A few 
sources of electrical and radio-frequen- 
cy noise are radio, radar, television 
transmitters, switching circuitry, and 
fluorescent lights. 


The specification given in Table I 
is based primarily on the experience 
of NBS with shielded rooms and cages 
at the Washington and Boulder lab- 
oratories.’ Although this should be 
adequate for coping with external 
noise, it does not take into account 
noise originating within the labora- 
tory. Probably, a specification on pow- 
er level of ambient noise should be 
added later. 


At the NBS Electronic Calibration 
Center at Boulder, Colorado,*:!" five- 
foot sheets of copper, 0.0035-inch 
thick, backed with heavy paper, were 
cemented to the walls, floor, and 
ceiling, with copper-sheet reinforce- 
ment at seams and corners, and at 
conduit or duct entrances. The only 
break in the shielding is at the door 
to each room. Both the door and 
door-frame are fitted with sixteen- 
ounce copper, with silver-plated beryl- 
lium copper finger strips for sealing 
the gap between door and frame. These 
methods have been quite effective, but 
an improved design of door finger 
strips is required to achieve the an- 
ticipated 60 db attenuation. 


It still may be necessary to separate 
individual units by means of metal 
or screened enclosures. In addition, 
adequate regulation, shielding, and 
grounding measures for electrical pow- 
er sources and distribution systems are 
of primary importance. 


Acoustic Noise 


Almost invariably, electronic equip- 
ment, with its associated microphonics 
problem, is present in a measurement- 
standards area. Sources of acoustic 
noise, both inside and outside labora- 
tories, are becoming more numerous 
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and severe, particularly at test facili- 
ties, where simulation equipment and 
jet engines are common. 

Microphonics normally is not a 
problem in electronic equipment op- 
erated in an acoustic noise environ- 
ment of 75 db or less, referred to 
10°°® watt/cm?. An acoustic noise 
level of 40 db is usual for a very quiet 
area, such as an acoustically-treated 
office. Although such quiet surround- 
ings are desirable for precision meas- 
urement work, they are not absolutely 
necessary. The values in Table I were 
selected, somewhat arbitrarily, as a 
compromise between the ideal and 
the necessary. 

Proper selection of location, thermal 
insulation, and vibration isolation will 
reduce the effect of external acoustic 
noise; but for noise sources within the 
area, such as calibration equipment, 
soundproof enclosures normally will 


be required. 


Lighting 


The suggested specification for 
bench-top-level area lighting falls in 
the range of values specified for mili- 
tary standards laboratories*® and ap- 
plied in normal industrial practice for 
fine assembly areas. 


The lighting may be provided by 
overhead incandescent or fluorescent 
lights, but to reduce electrical noise, 
fluorescent lights should be shielded 
properly’. And any individual bench 
lighting should be incandescent. 


Recommended Future Action 


The work of this Task Force is 
far from complete because current 
experimental evidence has not been 
explored fully, particularly regarding 
the tra sport of precision instruments 
and inter-laboratory stndards. It never 
will be complete because the effects 
of environments upon new standards 
(and new instruments) will always 
require investigation. In general there 
are five specific recommendations for 
future activity in this area: 


1. Receive comments, criticisms, 
and additional bibliographical data 
from interested parties. On the basis 
of this information, rework the brief 
suggestions of Table I into a set of 
recommended environmental speci- 
fications. 


2. Formulate general recommenda- 
tions for design or specification of 
inter-laboratory standard and/or in- 


strument shipping containers. 


3. Publish, or encourage the publi- 
cation of, data pertaining to effec- 
tive means of achieving laboratory 
environmental control. 


4. Draft recommendations pertain- 
ing to the environmental portions 
of instrument specifications. 


5. Continue efforts toward compil- 
ing an effective bibliography on 
the general subject of laboratory 
environments. 
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"How can measurements be improved ?” 


Refining Measurements 
by Capacitance Techniques 


by FOREST K. HARRIS 
and ROBERT D. CUTKOSKY 
National Bureau of Standards 
Washington, D.C. 


IN VIEW OF INDUSTRY'S ever 
more stringent demands for closer tol- 
erances, higher accuracies, and truer 
reproducibility, it is important that 
we improve our ability to measure 
accurately and confidently. Much of 
the responsibility for accomplishing 
these ends rests with the various meas- 
urement standards laboratories. Their 
techniques are many and varied. One 
of these, the capacitance measure- 
ment technique, has made considerable 
progress in the last few years. It is 
possible now to compare and assign 
relative values to capacitors with a 
precision that is ten of more times 
better than was practical a decade ago. 
Primarily, this results from three fac- 
tors: 

1. Refinement of measuring tech- 
niques based on the _ inductively 
coupled ratio-arm bridge; 

2. Design and construction of 3- 
winding transformers, the ratio of 
which is accurately known and highly 
stable; 

3. Strict attention to the require- 
ments of 3-terminal construction, not 
only in the design of individual capa- 
citors but also in their connection into 
measuring circuits and in the switch- 
ing involved in their comparison. 

Also within the last decade, capa- 
citors have been produced with abso- 


lute values about ten times more ac 
curate than before. This advance has 
resulted from the use of special cylin- 
drical electrode configurations that 
comply with a new theorem in electro- 


*In general terms  Lampard’s 
theorem states that if four infinite 
cylindrical conductors of arbitrary 
cross-sections are assembled with 
their generating lines parallel, to 
form a completely enclosed hollow 
cylinder so that the internal cross 
capacitances per unit length are 
equal, the vacuum value of these 
internal cross—capacitances equals 
log2/4y* statfarads/centimeter 
length of the cylindrical array. Also 
it has been shown, as a corollary to 


we 


statics stated by Lampard of the Aus- 
tralian National Standards Labora- 
tory.* According to the theorem, if a 
hollow cylinder is made up of four 
isolated sectors, satisfying certain con 


this theorem, that for certain types 
of small departures from symmetry, 
the mean value of the cross capacit 
ances remains equal (to an ex 
tremely good approximation) to 
the value computed from the sym 
metrical configuration 


“A New Theorem in Electrostat 
ics with Applications to Calculable 
Standards of Capacitance” by D. G. 
Lampard, Proceedings of lEE., 
Monograph No. 216 M, Jan. 1957 
(104 C) 


Figure 1. Computable capacitor used at NBS as a basic capacitance 
standard. Active elements are reference-grade end-standard gage bars. 
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ditions of symmetry, then the capa- 
citance between opposite sectors is in- 
dependent of the cross-sectional area 
of the cylinder and determined solely 
by the length of the cylinder. Lampard 
and Thompson have shown that this 
condition is fulfilled by a capacitor 
having four equal round-rod elements 
arranged with their axes parallel and 
their centers at the four corners of a 
square. This construction has been 
used for the computable capacitors 
(Figure 1), now forming the basis for 
Capacitance measurements at the na- 
tional laboratories of Australia and 
the United States. 

Although the capacitance standard, 
in terms of which values are assigned, 
is based on a new concept, the present 


Figure 4. Sectional diagram of a 
temperature compensated 1-pf ca- 
pacitor. 


Figure 2, (Left). Two-terminal capacitor 
with associated stray capacitances. Figure 
3, (Above). Typical 3-terminal capacitor. 


approach to precise Capacitance meas- 
urements otherwise is based on well 
known principles. In many respects, 
our recent progress can be attributed 
merely to the refinement and strict 
application of techniques that have 
been known for a long time. 


Isolate the Measurement 


In any precise measurement, it is 
important to isolate the measured 
quantity as completely as possible 
from outside influences. The capaci- 
tance of a 2-electrode system, in the 
presence of external objects, can be 
made definite only if one electrode 
completely surrounds the other. Al- 
though such capacitors provided with 
carefully prepared connectors can be 
measured fairly accurately, the diffi- 
culty and expense in preparing definite 
and reproducible connectors usually is 
prohibitive. More commonly, the two- 
electrode capacitor (Figure 2) is 
plagued by unwanted capacitances 
from exposed terminals to neighbor- 
ing objects; these affect the measure- 
ment. 

Now when these two electrodes are 
surrounded completely by a third one 
(Figure 3), connected in such a way 
that the current in capacitance 1-2 is 
included but the currents in capaci- 
tances 1-3 and 2-3 are excluded from 
the measurement, the direct capaci- 
tance 1-2 is defined completely, with 
no outside influence. Standard coaxial 
fittings satisfy the connection require- 
ments of such a 3-terminal capacitor, 
and connector geometry need not be 
defined as carefully as with a 2- 
terminal capacitor. Moreover, if the 
third conductor is extended to form 
a complete electrostatic shield between 
the connections to the other two, the 
switching connections also can be ar- 
ranged so that the switch capacitance 


has no effect on the direct capacitance. 
Thus a decade capacitance box can 
be constructed in which the direct 
capacitances of the individual units 
are strictly additive, and in which the 
zero setting truly has zero capacitance. 

The 3-terminal capacitor has still 
another advantage in the range below 
about 10* picofarads (1 picofarad = 
lpf = 1 uuf); the insulating structure 
supporting the electrodes can be po- 
sitioned in such a way that the usual 
solid dielectric losses do not affect the 
measured capacitance. Figure 4 illus- 
trates this construction. As a modifi- 
cation to Figure 4, the shield electrode 
can be extended as a screen between 
the active electrodes. The direct capa- 
citance then is limited by a diaphragm 
opening in this screen, and its value is 
a function of the area of the opening. 
Capacitors with values as low as 10~° 
pf have been constructed in this way. 
Particularly well adapted to the com- 
parison of 3-terminal capacitors is the 
transformer ratio-arm bridge. This net- 
work is shown in Figure 5a; and the 
equivalent circuit diagram (Figure 5b) 
illustrates that the unwanted capaci- 
tances from either active electrode to 
the shield (that is, 1-3 and 2-3) do not 
contribute to the current in the detec- 
tor arm of the bridge. In other words, 
the balance condition (with no cur- 
rent in the detector) involves only 
the direct capacitances 1-2 and the 
voltages e; and é2 impressed oa 
them. Note that capacitances 2-3 are 
in parallel with the detector; although 
they may affect sensitivity, they do not 
alter the balance condition. Capaci- 
tances 1-3, directly across the source, 
influence the balance condition only 
to the extent that they affect the ter- 
minal voltages of the transformer. 
This in turn imposes a limitation on 
the transformer design — the imped- 
ance of each transformer secondary 





Figure 5. (a) Transformer ratio-arm bridge for compar- 
ing 3-terminal capacitors. (b) Equivalent circuit for 5a. 


must be negligible compared to the 
external impedance connected to it. 
More precisely, one might say that the 
ratio of terminal secondary voltages 
should not differ significantly from 
the ratio of the induced secondary 
voltages. Practical constructions have 
been achieved for a 1:1 transformer 
in which a load as low as 30,000 ohms 
on one of the secondary windings al- 
tered the terminal voltage ratio by less 
than one part in 10°. 

In our laboratory the primary wind- 
ing of the transformer is distributed on 
a toroidal core of high permeability 
and isolated from the secondary wind- 
ings by double shields. For low resis- 
tance, the two secondaries are edge- 
wound from thin copper strips; sys- 
tematic intermingling provides low 
leakage reactance. Ratio-arm bridge 
transformers, having optimum per- 
formance in the 1-2 kc/sec frequency 
region, already have been constructed; 
their ratios (1:1 or 10:1) are believed 
to be known and stable to one or two 
parts in 10%. It seems reasonable then 
to say that the use of closely coupled 
transformer ratio arms provides a more 
accurate and stable comparison of ca- 
pacitors than is possible by using re- 
sistors or any other ratio device in the 
present state of the art. 


To make full use of these techniques, 
one not only must have capacitors of 
strict 3-terminal construction and a 
stable, accurately known ratio device; 
but it is also imperative to have avail- 
able stable reference capacitors, the 
values of which are accurately known. 
The availability of a computable stand- 
ard makes it possible to assign accut- 
ate values to individual capacitors in 
the range of 1 to 10* pf and permits 
a systematic study of their stability. 


Although mechanical and dimen- 
sional stability are of prime import- 
ance for a reference standard, the 
effects of temperature and other en- 
vironmental conditions must receive 
attention. A number of capacitance 
units have been built with these fea 
tures in mind, and the more promising 
ones are under study for long-term 
stability. For example, a group of 1-p/ 
standards have been under observation 
over a 2-year period; their values. 
referred to the computable standard, 
have not changed by more than 4 parts 
per million (ppm) during this interval 


Ratio-Arm Bridge 


An analysis of the _ inductively 

coupled ratio-arm bridge circuit of 
Figure 5 yields the balance condition 
CalGe 2 Oof%. 
The bridge can be balanced and the 
value of the unknown capacitor C 
obtained either by varying C, or by 
varying é2/e. 

It seems probable that higher ac- 


Figure 6. Vari- 
able ratio trans- 
former used for 
comparing ca- 
pacitors. 


curacy is obtained by varying C,, be- 
cause the transformer may be designed 
with a fixed ratio and may more easily 
be constructed with a highly stable 
ratio and low equivalent series im- 
pedances. For a universal bridge, this 
procedure dictates that C, be variable 
over a very large range. Three bridges 
of this general type already have been 


built at NBs. 


Although the variable-ratio-type in- 
ductively coupled ratio-arm bridges are 
not as accurate (claimed precision is 
about one part in 10°), they have 
the appeal of relative simplicity and 
low cost. Commercially available “vari- 
able-ratio transformers” may be used 
in the circuit, as shown in Figure 6. 
The principal disadvantage of this ar- 
rangement is that normally the dials 
of the transformer indicate the ratio 
eo/(e; + €s) OF e,/(e, 7 @oa), depend- 


ing on its connection. One must de- 
termine é2/e, by calculation, a cumber- 
some procedure and a possible source 
of error. Ground capacitances from 
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Figure 7. Bridge uses variable ratio transformer to obtain linear readout. 


either side of the transformer to the 
variable tap also may affect the ratio 
seriously because of the usually high 
impedance (occasionally as much as 
5 ohms) associated with the tap. There- 
fore, this circuit is most suitable when 
ground capacitances are below about 
50 pf, but it does produce good results 
over a very wide range of C,. 

A modification to the variable ratio- 
arm method, shown in Figure 7, elim- 
inates the necessity for calculating the 
ratio from the dial setting. The value 
éy’/e, is indicated visually; therefore, 
if the fixed transformer has a known 
ratio @o/e; = M, then at balance 
C, = (€0’/e2)MC,. Because of the 


high impedance of the variable tap, 


SAMPLE 
lf ) 


this method generally is useful only if 
C, and the ground capacitance from 
the tap are less than about 50 pf. With 
this circuit it is desirable also to use a 
fixed transformer having a low series 
impedance, so the variable transform- 
er itself does not affect the ratio M. 


Typical Application 


Capacitance bridges may be applied 
readily to the measurement of very 
small displacements (Figure 8). The 
probe, constructed as a guard ring 
capacitor with an inner electrode hav- 
ing an area A, is placed a distance d 
from a sample. The direct capacitance 
between the sample and the inner 


Figure 8. Capacitance bridge measures mechanical displacement. 
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electrode of the probe is given in 
MKS units by C, = A/4x10' cd, 
where ¢ is the speed of light. In other 
units the relation is given by C, = 
K/d, where K is an appropriate con- 
stant. 

At the balance condition, K/d = 
C,(€2/e,). Although this equation al- 
lows d to be determined with very 
high precision from the bridge bal- 
ance, the inverse dependence of C, on 
d makes it awkward to use. 

Other probe geometries yield dif, 
ferent distance-capacitance relation- 
ships, and considerable effort has been 
devoted to the development of probes 
having a linear relationship between 
C, and d. 

Because the probe capacitance C, 
usually is less than one pf, the circuit 
of Figure 7 may be used with a guard 
ring probe placed in the C, arm. The 
balance equation 


K eo’ 


then exhibits a linear relationship be- 
tween the dial setting (€2’/e2) and d. 

In practice, if C, is adjustable, the 
proportionality factor may be adjusted 
readily to give a readout in microns, 
microinches, or any other convenient 
unit. 

Capacitance measurement equip- 
ment has been used for many years 
in gaging of airplane fuel tanks. The 
system contains a capacitor partially 
immersed in a fluid. Changes in the 
fluid level alter the capacitance, and a 
self-balancing bridge indicates the 
quantity of fluid remaining in the 
tank. Normally, the gage reading de- 
pends directly on the fluid dielectric 
constant, which in turn depends on 
temperature an unfortunate de- 
pendency which can be remedied by 
appropriate compensation methods. 
Considered to be more accurate than 
its mechanical counterpart, this gage 
may find more frequent use in the 
future. 


Conclusion 


Recent advances in the art of capa- 
citance measurement have opened the 
door to new fields of exploitation by 
instrument engineers. In the furure 
we may expect to see capacitance 
bridges used much more frequently for 
the measurement of mechanical dis- 
placement, film thickness, and dielec- 
tric constant, both as a spot check and 
as a continuously recording quality- 
control technique. 
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"Where will we get the needed manpower?” 


Education for Metrology 


To fill the critical manpower short- 
age aspect of America’s “measurement 
gap,’ George Washington University, 
with support from the National Bu- 
reau of Standards and the Martin 
Company of Baltimore, has established 
a new Center for Measurement Science 
— the first such educational and re- 
search facility in the United States. An- 
nouncement of the Center was made 
at ISA’s September meeting in New 
York City. Under direction of Dr. 
Martin Mason, Dean of the Univer- 
sity’s Engineering School, the Center 
is offering initially eight courses in 
metrology to its first semester students 
enrolled on February 6th. 


Dr. A. G. McNish, chief of metrol- 
ogy at NBS, in welcoming the new 
Center at George Washington Uni- 
versity said, “The lack of persons ex- 
perienced in measurement science is 
awesome, and the need for such skills 
increases daily. In the past year, for 
example, monthly requests for calibra- 
tion of gage blocks from industry and 
government rose from 300 to 1000. 
And over the past fiscal year, no fewer 
than 175,000 items, from electronic 
devices through optical instruments, 
have been sent to us at the Bureau.” 
Dean Mason, pointing out that meas- 
urement is basic to all scientific effort, 
has said, “Only when you measure a 
thing and express it in precise numbers 
do you really know something about it. 


FIRST STUDENT—in the new 
Center is Charles D. Hoover (cen- 
ter), graduate of US Naval Acad- 
emy and Navy Aviation School, 
and project reliability administra- 
tor for the Martin Co. Holding 
wave guide is Dr. N. T. Grisamore, 
electrical engineering chairman 
at the University, and at right is 
Dr. L. M. Ostreicher of Martin’s 
education division. 


There is no field of modern technology 
which does not depend on measure- 
ment.” 


Industry long has been aware that a 
shortage of persons trained in metrol- 
ogy exists in the United States. A re- 
cent Saturday Evening Post article, 
calling the problem the “measurement 
pinch,” made several comparisons with 
Russian metrology which point up the 
American lag. Among them was that 
Russian scientists could calibrate tem- 
peratures accurately to 6000 degrees 
centigrade, while Americans could read 
only 2800 degrees. In rocket fuels and 
space technology this was a very great 
handicap, until a crash program en- 
abled us to chart to 15,000 degrees. 
But the need for precision metrology 
is too basic for crash programs to suf- 
fice. We need a continuing supply of 
measurement experts such as the new 
Center will provide. 

The Martin Company, through A. L. 
Varrieur, vice president, has made 
$10,000 available to establish the Cen- 


FIRST CLASSES—in George 
Washington University’s new 
Center for Measurement Sci- 
ence began February 6th in 
this fine new building — 
Tompkins Hall of Engineer- 
ing. 


ter and will encourage industry-wide 
participation. NBS also has offered its 
fullest cooperation, including use of 
its Washington facilities for teaching 
purposes. 

Creation of the mew Center 
prompted the Baltimore Sun news- 
paper to comment: “More than ever 
before, industry and science depend on 
accurate measurement. It is odd that 
no center has existed in this country 
to teach metrology, for these are the 
days of measurement science. This lack 
has resulted in Russian superiority in 
precision measurement and thereby in 
space achievement. George Washing- 
ton University, already having a tra- 
dition in metrology, will greatly aid 
scientific research, industry and the 
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national defense through its new meas- 
urement center.” 


Three-Pronged Attack 


Three programs — education, re- 
search and service — are basic to the 
Center's purpose: the education of 
persons for careers in metrology; the 
development and improvement of tech- 
niques, apparatus and data; the pro- 
viding of staff and facilities for re- 
search on measurement problems; and 
the publication of research results, 
manuals of practice and procedure, and 
other related information. 

The education program offers four 
integrated ‘curricula which lead to cer- 
tificate or degree from the University 
School of Engineering, and which per- 
mit the student to terminate his formal 
education at any level or to continue 
to the next higher level. The student 
may seek the engineering technologist 
certificate, or the degrees of bachelor 
of science, master of science or doctor 
of science. Students will be regularly 
enrolled in the University and the 
School of Engineering. 

Research and service will relate to 
the Associates plan which the Center 
has established, which provides for col- 
laborative effort in measurement sci- 
ence between industry, government 
and the University. Associates are in- 
dividuals, companies, corporations, 
government agencies and others in- 
terested in advancing the measurement 
sciences, known for quality and in- 
tegrity in their fields, and willing to 
support the Center’s programs. 

Contributions go to teaching and 
research activities, and contributing 
Associates will receive varied benefits 
and privileges: Curricula planning, 
with Associate help, will reflect the 
needs of American technology and 
industry; seminars, short courses and 


conferences will be arranged for As- 
sociates and their representatives; As- 
sociates’ personnel may visit the Center 
to discuss specific problems; faculty 
members may visit Associate facilities 
to discuss problems on the site; con- 
sultations and technical service can be 
arranged for help on specific problems; 
research of interest to an Associate, 
including certain proprietary interest, 
may be conducted by Associate per- 
sonnel at the Center; fellowship and 
scholarships in the Center may be 
designated in an Associate's name. 


Initial Curricula 


The following eight courses were 

offered beginning February 6, with 
others planned for succeeding semes- 
ters: 
Foundations of Metrology: Origin and 
development of standards, relative and 
absolute measurements, systematic and 
random errors, comparison and dis- 
semination of standards; effective de- 
sign of experiments, translations of 
standards to manufacturing. 


Measurements Laboratory: Use of 
standard devices for measurement of 
time, length, speed, force, weight, 
mass, density, specific gravity, and cal- 
ibrations. 

Introduction to Statistics for Metrol- 
ogy: Measurement — qualitative and 
quantitative aspects; role of correc- 
tions; measurement as a production 
process; errors, limiting mean, true 
value, precision and accuracy; classifi- 
cation of errors, statistical tools for 
detection and diagnosis of errors; qual- 
ity control of measurement processes; 
measurement of the precision and as 
sessment of the accuracy of a meas- 
urement process; expression of the 
uncertainties affecting a measured 
value. 


Precise Electrical Measurements: Di- 
rect current through radio frequencies; 
units and dimensional systems, tech- 
niques of substitution and comparison; 
transfer techniques; ratio techniques, 
detectors; bridges; measurement of 
current, voltage, power, resistance, ca- 
pacitance, inductance, energy, phase 
angle, frequency and time; dielectric 
and magnetic measurements; special 
topics in high-frequency measure- 
ments; field strength, signal-to-noise 
ratio, impedance, attenuation. 


Introduction to Transducers and In- 
strumentation: Theory and application 
of simple transducers; techniques in 
instrumentation of systems of one type 
(electrical, electronic, fluid, mechan- 
ical, optical, acoustical, nuclear); anal- 
ysis and design of simple instrument 
systems with emphasis on the precision 
and accuracy of measurement. 


Precise Mechanical Measurements: 
Measurements of mass, time, weight, 
visual, mechanical, length and _ inter- 
ferometric methods; density, force, 
pressure, vibration, acceleration, flow 
and viscosity. 


Precise Heat Measurements: Tempera- 
ture measurement, thermodynamic and 
international temperature scales; re- 
sistance thermometry, thermocouples 
and pyrometry; vapor pressure ther- 
mometry and techniques for low-pres- 
sure measurement; heat transfer quan- 
tities and their measurement, conduc- 
tion, convection and radiation; calo- 
rimetry, isothermal and adiabatic cal- 
orimeters, flow calorimeters; types of 
heat quantities measured by calori- 
metry. 


Microwave Measurements: Measure- 
ment of power, frequency, impedance, 
wavelength and attenuation at micro- 
wave frequencies. Characteristics and 
Q of resonant devices. 





Soon Available — 


The National Bureau of Standards is now ac- 
cepting advance orders for its new three-volume 
handbook “Precision Measurement and Calibra- 


THREE NEW BOOKS ON MEASUREMENT & CALIBRATION 


Volume I —“Electricity and Electronics,” 845 pages, $6.00 


Volume II —“Heat and Mechanics,” 965 pages, $6.75 


Volume move” ae Metrology and Radiation,” 1025 pages, 
$7. 


tion.” The books, now being printed, are a com- 
pilation of NBS publications on this subject that 
have appeared over the past few years in scat- 
tered form as circulars, articles and chapters of 
books. Now brought together in organized, in- 
dexed and referenced form, this information 
should prove the complete and definitive refer- 
ence, textbook and handbook for all measurement 
scientists and engineers. 


Sets of all three volumes, $19.75 per set. 


Order from: US Government Printing Office, 
Chief, Special Service Section, P.O. Box 1533, 
Washington 13, D.C. Please make checks and 
money orders payable to the Superintendent of 
Documents. 
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The Role 


of ISA in 
Measurement Standards 


by ORVAL LINEBRINK 
Director, ISA Measurement 
Standards Division 


That there is a national emergency 
— a “measurement gap” — in Ameri- 
can metrological science and practice 
is amply documented in the preceding 
articles of this special Journal issue. 
How this gap is retarding research, 
delaying scientific progress, slowing 
industry and even imperiling our na- 
tional defense, is repeatedly stated and 
exemplified. The consequent question 
for our Society is then: “What action 
should ISA take to help close this 


gap?” 


Survey of Measurement 
Standards Facilities 


There is need for a much better 
picture of where and for what pur- 
poses measurement standards are being 
used. Therefore it is proposed that 
an initial task of our new Division 
6H be to determine how and where 
its own members are concerned with 
standards. Secondly, that it initiate a 
nationwide survey in cooperation with 
other organizations thorough enough, 
yet not so complex that a psychologist 
and statistician are needed to fill out 
the forms. In addition to gathering 
technical information, such a survey 
must distinguish between standards 


"What can our society do?” 


laboratories used for internal product 
control and commercial standards lab- 
oratories. 

While this is a huge task, its re- 
sults are needed quickly. Surveys in 
themselves are of little value unless 
their findings are used and result in 
action. With appropriate planning and 
realistic follow-through, the results of 
such a cooperative survey should be 
invaluable in guiding the activities of 
our new division. They should be very 
useful also to all other organizations 
dealing with measurement standards. 


A Measurement Standards 
Information Center 


Probably the greatest need of a 
person, company, or group beginning 
a measurement standards program is 
for adequate up-to-date information. 
Here ISA can offer much help. The 
usual technical papers (ISA produced 
617 last year!), symposia, workshops, 
etc. bring together people of common 
interests, and so are essential, and 
should be continued. But they are not 
adequate to do the entire job that 
must be done. Keeping up to date 
presupposes that one is up to date in 
the beginning. 

The NBS Office of Basic Instru- 
mentation catalog of instrumentation 
does not appear to have had wide- 
spread effect or usage. Text books, 
reference books, and handbooks do an 
excellent job in their areas, but the 
task is too broad and expanding too 
fast for any such simple solution. I 


Spontaneous en- 
thusiasm welcomed 
our “experimental” 
first Measurement 
Standards Work- 
shop at the Chi- 
cago ISA Confer- 
ence, September, 
1959, under the 
able leadership of 
Orval  Linebrink. 
Building on the 
many volunteers 
(20% of the 150 attending), Mr. Line- 
brink quickly organized five Task Forces 
to develop a framework around which 
to build future work in this area (see p. 
128, ISAJ 4/60). Reports of these task 
forces formed the nucleus of the second 
Measurement Standards Workshop in 
New York, September, 1960. 


At that time, these organizational ef- 
forts resulted in ISA Executive Board 
approval for the separation of measure- 
ment standards activities from the Phy- 
sical and Mechanical Measurements In- 
strumentation Division 6], and for the 
granting of division status to a new ISA 
Measurement Standards Division 6H, 
under Mr. Linebrink. It bas been a 
great pleasure for Division 6] to have 
provided the incebdtion, initial growth 
and launching of this new Division. 


Good luck! 
Mills Dean III 


Director, Physical & Mechanical 


Measurement Instrumentation Div. 6J 





The crowd of 250 
which swamped 
facilities at our 
Standards Labora- 
tory Workshop in 
New York last 
September showed 
that problems and 
interest in this 
subject are much 
greater than we 
realized. The 40 
men who volun- 
teered are rapidly 
being organized for action (see roster). 
Programing future meetings is but one 
of our functions. Discovering and de- 
veloping both new and old sources of 
information on standards and dissemi- 
nating this information is equally im- 
portant. 


Standards laboratories are such sources 
of information on both instruments and 
standards, and on personal concepts and 
techniques of measurement useful in all 
areas where measurments are used. This 
suggests need for much broader cover- 
age of people and information dispersal 
systems. We are depending on you, the 
reader, to help continue the program 
herewith set forth by volunteering your 
information and your help. So please 
fill out and mail the questionnaire on 
page 111. 

Orval Linebrink 


Director, Measurement Standards 
Division 6H. 
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therefore propose that our new Meas- 
urements Standards Division plan and 
develop the financial means of putting 
into effect at our national headquart- 
ers, a modern automated information 
gathering, retrieval, and disseminating 
system for measurement standards. 
Later, such a system could be expanded 
to include all of instrumentation. Yes, 
there are many problems to be solved; 
but where can we find any more 
capable people to do the job than 
within the ranks of ISA? 


Measurement Standards 
Clearing House 


A “Measurement Standards Clearing 
House,” possibly published as a de- 
partment of our ISA Journal, would 
be a perpetual channel of communica- 
tion to all ISA members, to the many 
thousands of nonmembers, and to li- 
braries, controlled circulations, etc. 
Such communications could be a co- 
operative effort of manufacturers of 
measurement standard instruments and 
equipment, and of all types of stand- 
ards laboratories personnel, under the 
leadership of a specially designated 
Division Committee. 

Our Measurement Standards Divi- 
sion also should develop a communica- 
tion channel to the science teachers of 
America to emphasize that, to quote 
Doctor Astin, “Measurement is the 
Language of Science.” Actual meas- 
urement experience is sadly neglected 
in many high school and college sci- 
ence courses. Much of the fascinat- 
ing history of measurement standards 
would be interesting to teachers and 
pupils alike. 


Quality Control of the Perform- 
ance of Standards Laboratories 


The quality of a standards labora- 
tory’s work depends on its equipment, 
the environmental conditions under 
which it is used, and the knowledge, 
experience, and sincerity of its person- 
nel. The very highest degree of intel- 
lectual honesty is required — some- 
thing that cannot be legislated into 
existence. However, it can be verified 
by an overall performance comparison 
of measurements of sample standards 
or instruments. 

To effect such a performance check, 
an association of standards laboratories 
is being considered. The ISA, or any 
other technical society, would have 
difficulty in this role of policeman. 
Compliance with performance specifi- 
cations for a calibration and certifica- 
tion program can be enforced best by 
the reputation and prestige which ac- 
company membership in such an as- 
sociation. Once properly organized and 
accepted, the threat of loss of member- 
ship is the only enforcement power 
needed. ISA can help in the formative 
stages of such an association by close 
liaison through its Measurement Stand- 
ard Division with the related experi- 
ence of many of its members. This 
liaison already is established with NBS, 
IRE, AIEE, and other organizations 
represented on the Division Steering 
Committee. 


The Problem of Standards 
Laboratories Personnel 

While instruments themselves are of 
central interest to members of ISA, we 
must remember that instruments do 
not make measurements! Making 
measurements requires skilled people 
— who understand the basic measur- 
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ing principles and influencing factors, 
and who know the operation details 
of the instrument involved. 

You all know it is much easier to 
state requirements than to meet them. 
ISA should include in its proposed 
curricula and training course outlines 
a realistic amount of measurement 
standards technology. Special, on-the- 
job training to fit the individual needs 
of the personnel and of a particular 
laboratory seems to be inevitable. ISA 
can aid in this training through its 
information center, technical paper 
publication and suggested course out- 
lines. 

For proper training of standards 
laboratory management, supervisory, 
and technically responsible personnel, 
a more specific academic approach is 
needed. All ISA members should aid 
such programs as “Center for Metrol- 
ogy” at George Washington Univer- 
sity by giving information as to tech- 
nical needs, personnel requirements, 
etc. Financial aid should be considered 
by the FIER group. Other centers of 
training in different parts of the coun- 
try must be established. Many technical 
areas are not now covered by the 
George Washington University Center. 
These additional needs must be made 
known and provided for. 

New areas of science must be sup- 
plied with standards facilities and bet- 
ter standards must be provided for 
many of the older areas. This gives 
rise to my last specific recommenda- 
tion. 


Measurement Standards Long 
Range Research and 
Development Committee 


In addition to a series of functional 
and technical committees within our 
Measurement Standards Division, a 
long-range planning committee is 
needed to explore and initiate action 
leading to development of better, more 
useful standards and calibration in- 
struments. A clearing house for ideas 
could stimulate much activity among 
instrument manufacturers as well as in 
standards laboratories. Research pro- 
jects might be initiated if financial 
and legal details permit. This long- 
range committee should serve also as a 
monitor on other committee activities 
to avoid serious duplication and to 
keep a time-table check of events and 
efforts. In this sense it would be an 
advisory committee to the Director of 
the division and could provide con- 
tinuity from one Director to another. 





"What literature on measurement standards is available?” 


Bibliography 


of Measurement Standards 


This preliminary list of references 
on measurement standards is not 
intended to be all-inclusive. Origi- 
nally prepared for Paper No. 56- 
NY60 presented at the ISA New 
York Conference, September 28, 1960, 
it represents the contributions of 
authoritative people in measurement 
standards laboratories throughout 
the country. Proposed additions to 
the list should be sent to Orval L. 
Linebrink, Battelle Memorial Insti- 
tute, 505 King Avenue, Columbus 1, 
Ohio. 


A separate list of publications by 
NBS begins on page 73. 


GENERAL ADMINISTRATIVE 


1 Standards Laboratory Information 
Manual (SLIM), J. L. Hayes, with con- 
tributions by the Staff of the Metrology 
Department, Bureau of Naval Weapons 
Representative, Pomona, California. Soon 
to be published by the Office of Technical 
Services, U.S. Department of Commerce. 


2 Guide to Instrumentation Literature, 
NBS, Circular 567. 


3 Classification and Nomenclature for 
Standards of Measurement, A. G. McNish, 
IRE Transactions on Instrumentation, Vol. 
1-7, Nos. 3 and 4, Dec. 1958, p. 371. 


q Physical and Electrical Standardiza- 
tion Program for the AEC, H. C. Biggs, 
Sandia Corp., Reprint SCR-58. 


5 Instrument Calibration Program With- 
in the Department of the Navy, BuOrd- 
BuShips Calibration Program and Bureau 
of Aeronautics Phase, Lt. F. L. Roach and 
M. L. Scroggs, IRE Transactions on In- 
strumentation, Vol. 1-7, Nos. 3 and 4, Dec. 
1958, p. 357. 


6 Instrumentation With an Instrument 
Pool, W. J. Maxwell, Proceedings of the 
ISA, Vol. 10, Part I, 1955, Paper No. 55-8-1 


7 Total Measurements Service, H. W 
Oksala, ISA Journal, Vol. 3, 1956, pp. 450 
and 496. 


8 A Report on the Present Functions 
and Operations of the National Bureau of 
Standards, Science, Vol. 119, No. 3085, 
Feb. 12, 1954, p. 195. 


9 Publications of the National Bureau 
of Standards, 1901 to June 30, 1947, U.S 
Dept. of Commerce 


10 Supplementary List of Publications 
of the National Bureau of Standards, July 
1, 1947, U.S. Dept. of Commerce 


ll Supplementary List of Publications, 
National Bureau of Standards, Circular 
460, 1958. 


12 Local Standards Laboratories, Archi- 
bald T. McPherson, Instruments and Auto- 
mation, Vol. 32, No. 1, Jan. 1959, p. 92 


13 Setting Up a Standardizing Labora- 
tory, P. Grunspan and J. Reese, Instru- 
ments and Automation, Vol. 32, No. 1 
Jan. 1959, p. 94 


14 Evolution of a Standards Laboratory, 
Charles E. White, IRE Transactions on 
Instrumentation, Vol. 1-7, Nos. 3 and 4, 
Dec. 1958, p. 339 


15 The Organization, Administration 
and Operation of an Industrial Standards 
Laboratory, James N. Whitaker, IRE 
Transactions on Instrumentation, Vol. 1-7 
Nos. 3 and 4, Dec. 1958, p. 345 


16 A Centralized Facility for Electrical 
and Microwave Calibrations in a Large 
Company, Lloyd B. Wilson, IRE Trans- 
actions on Instrumentation, Vol. 1-7, Nos 
3 and 4, Dec. 1958, p. 348 


17 Physical and Electrical Standardiza- 
tion Program for the AEC, H. C. Biggs 
IRE Transactions on Instrumentation, Vol 
1-7, Nos. 3 and 4, Dec. 1958, p. 364. 


18 Weapons Technology, Standards and 
Metrology, American Ordnance Associa- 
tion, Mills Building, Washington, D.C. 


A Compilation by ISA Measurement Standards 
Division and National Bureau of Standards 


19 Handbook of Measurement Control, 
Part II, Instrumentation and Automation, 
Vol. 27, No. 12, Dec. 1954 

20 Measure Theory, Paul R. Halmos, 
D. Van Nostrand Co 


21 Equipment for a Standards Labora- 
tory, W. M. Kidwell, Garrett Corp., Pub- 
lished in Instruments and Automation, 
Vol. 30. 


ELECTRICAL MEASUREMENTS 


22 Definitions of Electrical Terms, 
American Standards Association, Group 
30, Instruments, Meters and Meter Test 
Section 28, Instrument Testing 


23 A Solution to the Problem of Elec- 
trical Instrument Standardization and 
Service, S. C. Richardson, F. A. Ludewig 
Proceedings of the ISA, Vol. 9, Part 3, 
1954, Paper No. 54-21-2 


24 The Electrica! Standards Laboratory, 
by C. E. White, AVCO R.A.D., Instruments 
and Control Systems, April 1960 


25 Conference on Electronic Standards 
and Measurements, IRE Transactions, Vol 
1-7, Dec. 1958, Nos. 3 and 4 


26 Calibration, Checking and Testing 
of Electrical Instruments In An Education 
Laboratory, H. D. Hayward, Proceedings 
of the ISA, Vol. 8, 1953, p. 14 


27 The Calibration of Electrical Instru- 
ments, C. H. Imschweiler and C. R. Sipe 
Proceedings of the ISA, Vol. 8, 1953, p. 11 


28 Suggested Practices for Electrical 
Standardizing Laboratories, NBS Circular 
No. 578 


29 Applied Electrical Measurements, 
Isaac Kinnard, John Wiley and Sons, Inc 
1956 


30 Electrical Measurements, Forest K 
Harris, John Wiley and Sons, Inc 


31 Basic Electrical Measurements, Mel- 
ville B. Stout, Prentiss Hall 
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32 Electricity and Magnetism, Norman 
E. Gilbert, Third Edition, The Macmillan 
Co., 1950. 


33 Electrical Measurements, Frank A. 
Laws, McGraw Hill. 

34 Electrical Measurement Analysis, 
Ernest Frank, McGraw Hill, 1959. 


35 Measurements in Electrical Engineer- 
ing, Parts 1 and 2, Second Edition, Roland 
B. Marshall, John S. Swift Company, 
Cincinnati, 1958. 


36 Measurement of Multimegohm Re- 
sistors, A. K. Scott, NBS Publications, 
Research Paper No. 2296. 


37 Precision Resistors and Their Meas- 
urement, Thomas, NBS Publication No. 
470. 


38 Alternating - Current Resistance 
Standards, A. H. M. Arnold, Ph. D., D. 
Eng., Proc. IEE June 1953, p. 319, Part II 
Power Eng. Notes 1 Std. — 16 references. 


39 Comparison of Resistances, J. J. 
Dowling, with Comment of Comparison of 
Resistances, H. J. Hoge, The Review of 
Scientific Instruments, Vol. 26, No. 2, p. 
233, Feb. 1955. 


40 Instrument for Measurement of Very 
High Resistance, F. J. Lynch and C. L. 
Wesenbery, The Review of Scientific In- 
struments, Vol. 25, No. 3, p. 251, March 
1954. 


41 Two-emf Method for the Comparison 
of Resistances, The Review of Scientific 
Instruments, Vol. 25, No. 9, p. 902, Sept. 
1954. 


42 A New Design of Precision Resist- 
ance Standard, J. L. Thomas, Journal of 
Research, NBS Vol. 5, 1930, R.P. 201, p. 295. 


43 Methods, Apparatus, and Procedures 
for the Comparison of Precision Standard 
Resistors, Frank Wenner, Journal of Re- 
search, NBS Vol. 25, 1940, R.P. 1323, p. 229. 


44 A Ten-To-One Ratio for Comparing 
Precision Resistance Standards, C. A. 
Hoxie, General Electric Review, Vol. 
XVIII, No. 9, Sept. 1915, p. 915. 


45 The Effect of Humidity on the 
Stability of Inductance Standards, G. H. 
Rayner and L. H. Ford, Journal of Scien- 
tific Instruments, Vol. 33, No. 2, Feb. 1956, 
p. 75. 


46 Standards for Low Values of Direct 
Capacitance, C. Moon and C. M. Sparks, 
NBS Research Paper No. RP 1935, Vol, 
41, Nov. 1948. 


47 Primary Batteries (for standard 
cells), by George W. Vinal, John Wiley 
and Sons, Inc. 


48 The Construction and Characteristics 
of Standard Cells, George D. Vincent, IRE 
Transactions on Instrumentation, Vol. 1-7, 
Nos. 3 and 4, Dec. 1958, p. 221. 


49 An Adjustable Direct Voltage Source 
for Meter Calibration, B. V. Hamon, Jour- 
nsl of Scientific Instruments, Vol. 30, Sept. 
1953, p. 301. 


50 Measurement of Voltage Ratios at 
Audio Frequency, W. C. Sze, NBS Project 
0103-20-2027. 


51 A Bridge for Precise Comparison of 
AC and DC Voltages, W. J. Cunningham 
and E. W. Vaughan, Review of Scientific 
Instruments, Feb. 1953. 


52 Multirange and Audio Frequency 
Thermocouple Instruments of High Ac- 
curacy, F. L. Hermach and E. S. Williams, 
Journal of Research, NBS, Vol 5L, No. 5, 
1954, Paper No. 2494. 
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53 AC Cathode-Follower Circuit of Very 
High Input Impedance, J. R. Macdonald, 
Review of Scientific Instruments, Vol. 25, 
No. 2, p. 144, Feb. 1954. 


54 The Measurement of Very Small 
Direct Currents, M. W. Jervis, Electronic 
Engineering (British), p. 100, March 1954. 


55 Alternating Current Instrument Test- 
ing Equipment, Dr. A. H. M. Arnold, 
Proc. IEE, Part II, Vol. 101, No. 80, p. 121, 
April 1954. 


56 Wagner-Earth and Other Null In- 
strument Capacity Neutralizing Circuits, 
Hanns H. Wolff, Review of Scientific In- 
struments, Vol. 30, No. 12, p. 1116, Dec. 
1959. 


57 An Electrostatic Null Detector, J. 
Hart and A. G. Mangall, Journal of Scien- 
tific Instruments, Vol. 33, p. 411, Nov. 1956. 


58 Thermal converters as AC-DC Trans- 
fer Standards for Current and Voltage 
Measurements at Audio Frequencies, F. L. 
Hermach, NBS, Jour. Res., Vol. 48, RP 
2296, pp. 121-138, Feb. 1952. 


59 One Revolution Watthour Meter 
Testing, Norman R. Rogers, Commonwealth 
Edison Co., Elec. Lt. & Power, Vol. 36, 
No. 16, p. 45, Aug. 1958. 


60 A Precision Rotating Standard for 
the Measurement of Kilowatthours, J. H. 
Goss and A. Hansen, Jr., AIEE Transac- 
tions, Vol. 59, July 1940. 


61 Quality Control in Production Test- 
ing of Single-Phase Watthour Meters, T. 
M. Wallis, General Electric Review, Vol. 
50, p. 38, April 1947. 


62 The Absolute Calibration of Voltage 
Transformers, W. K. Clothier and L. 
Medina, Institution of Electronic Engi- 
neers, Proc., Vol. 104, Part A, pp. 204-214, 
June 1957. 


63 A Proc. Electrodynamometer Std., 
J. W. Whittaker, Proc. Inst. Elec. Eng. 
Part II, Feb. 1954. 


64 Magnetic Testing, Sanford, NBS Pub- 
lication No. C456. 


ELECTRONICS 


65 Handbook of Microwave Measure- 
ments. Vols. 1 and 2, Moe Wind and 
Harold Rapaport, Polytechnic Institute of 
Brooklyn, Microwave Research Institute, 
Second Edition, Copyright 1954 and 1955. 


66 Microwave Techniques, BuShips, 
Dept. of the Navy, NAVSHIPS 900028, 
Government Printing Office. 


67 Techniques of Microwave Measure- 
ments, Carol G. Montgomery, Massachu- 
setts Institute of Technology, Radiation 
Laboratory Series, Vol. 11, First Edition, 
McGraw Hill, 1947. 


68 Reference Data for Radio Engineers, 
Fourth Edition, International Telephone 
and Telegraph Corp., American Book — 
Stratford Press, Inc., 1956. 


69 Microwave Theory and Techniques, 
Reich, Ordung, Krauss, Skalnik, D. Van 
Nostrand, 1953. 


70 Electronic Measurements, Terman 
and Pettit, Second Edition, McGraw Hill, 
1952. 


71 Calibration of Commercial Field 
Strength Meters, C. C. Cook, NBS, Cald- 
well-Clements, Oct. 1952. 


72 Microwave Measurement, Edward L. 
Ginzton, McGraw Hill, 1957. 


73 Development of a Very High Fre- 
quency Field Intensity Standard, F. M. 
Greene and M. Solow, NBS Paper RP 2100. 


74 Influence of the Ground on the 
Calibration and Use of V.H.F. Field In- 
tensity Meters, F. M. Greene, NBS Paper 
No. RP 2062, Vol. 44, Feb. 1950. 


75 Calibration of Commercial Radio 
Field-Strength Meters at NBS, F. M. 
Greene, NBS Circular No. 517. 


76 Standards Calibration Procedures, 
Hewlett Packard Co., Application Note 
No. 39. 


77 Industrial Frequency Standard, H. 
W. Kline, Electronics, Vol. 25, p. 130, Nov. 
1952. 


78 Precision Quartz Resonator Frequen- 
cy Standards, J. M. Shaull and J. H. 
Shoaf, Proceedings of the IRE, Vol. 42, 
No. 8, p. 1300, Aug. 1954. 


79 Precision Piston Attenuators, C. M. 
Allred, NBS Report 5078. 


80 R-F Micropotentiometers, M. C. Sel- 
by, National Bureau of Standards. 


81 Bolometer Bridge for Standardizing 
Radio Frequency Voltmeters, M. Selby 
and L. Behrent, NBS Paper RP 2055. 


82 A Highly Stable Microwave Oscil- 
lator, etc., L. Essen, D.Sc., Ph.D., Proc. 
Inst. of Elec. Engr., Jan. 1953, Part III, 
p. 19, Paper No. 1422. 


83 A Precision 30-MC and Admittance 
Bridge, L. E. Herborn, Bell Labs. 


84 Stark Modulation Atomic Clock, I. 
Takahashi and Others, Review of Scientific 
Instruments, Vol. 27, No. 9, p. 739, Sept. 
1956. 


85 Caesium Resinator as a Standard of 
Frequency and Time, L. Essen and J.V.L. 
Parry, Royal Soc. Lon. Phil. Trans., Ser. 
A, Vol. 250, pp. 45-69, Aug. 8, 1957. 


TEMPERATURE 


86 Temperature, Its Measurement and 
Control, Vols. 1 and 2, American Institu- 
tion of Physics. 


87 Conversion Tables for Thermocou- 
ples, NBS Publication No. 561. 


88 Copper Resistance Temperature 
Scale, T. M. Dauphinee and H. Preston- 
Thomas, Review of Scientific Instruments, 
Vol. 25, No. 9, p. 884, Sept. 1954. 


89 Heat and Temperature Measurement, 
Robert L. Weber, 1950. 


90 Adiabatic Solution Calorimeter 10, 
G. C. Benson and Others. Review of 
Scientific Instruments, Vol. 27, No. 9, 
p. 725, Sept. 1956. 


91 A Platinum Resistance Thermometer 
For Use At Low Temperatures, C. R. 
Barber, Journal of Scientific Instruments, 
Vol. 32, No. 11, p. 416, Nov. 1955. 


92 “Silver-Dalladium Thermocouples”, 
C. R. Barber and L. H. Pemberton, Journal] 
of Scientific Instruments, Vol. 32, No. 12, 
p. 486, Dec. 1955. 


93 Low-Temperature Liquid - in - Glass 
Thermometer, C. Hochanadel, Review of 
Scientific Instruments, Vol. 25, No. 5, p. 
524, May 1954. 


STRAIN GAGES 


94 Calibration of Strain Gage Installa- 
tions in Aircraft Structures for the Meas- 
urement of Flight Loads, T. H. Skopinski, 





Wm. S. Aikens, Jr., Wilber B. Huston, 
Nat'l. Adv. Comm. for Aeronautics, Re- 
port 1178, 29 p. (TL521 Un3r), 1954. 


95 Calibrating Testing Machines Under 
Dynamic Loading, Jour. Res., NBS, Vol. 19, 
p. 41, July 1937. 


96 Strain Gage Calibration Device for 
Extreme Temperatures, R. M. McClintock, 
Review of Scientific Instruments, Vol. 30, 
pp. 175-718, Aug. 1959. 


97 The Strain Gage Primer, C. C. 
Perry and H. R. Lissner. 


98 Strain Gage Instrumentation, M. H. 
Aronson and R. C. Nelson. 


99 A Report On Wire Strain Gage 
Transducer System Calibration, published 
by the Allegany Instrument Co. 


100 The Effect of Transmission Line 
Resistance in the Shunt Calibration of 
Bridge Transducers, Statham Instrument 
Notes, No. 36, Nov. 1959. 


101 SR-4 Strain Gage for Stress Analy- 
sis, Bulletin 4452, Baldwin-Lima-Hamilton. 


OPTICS 


102 Fundamentals of Optics, Jenkins 
and White, Second Edition, McGraw-Hill, 
1950. 


103 Engineering Optics, K. L. Habell 
and Arthur Cox, Sir Isaac Pitman and 
Sons, 1958. 


104 The Calibration of Precision Slits 
for Spectrographic Analysis (English), 
Spectrochimica Acta, Vol. 5, No. 4, pp. 257- 
277, Dec. 1952. 


105 A Simplified Method of Calibrating 
Infrared Spectrometers, J. H. Towler and 
W. Guy, Journal of Scientific Instruments, 
Vol. 29, pp. 393-397, Dec. 1952. 


106 Lamps and Wavelengths of Mercury 
198, W. F. Meggers and F. O. Westfall, 
NBS authors, Jour. of Res., Vol. 44, p. 447, 
25 references, May 1950. 


MISCELLANEOUS-MECHANICAL 


107 Primary Standard Barometer of 
Range 0 to 1200 mb, Elliott, Wilson, Mason 
and Bigg, Jour. Sci. Inst., Vol. 37, p. 162, 
May 1960. 


108 New Type of Absolute Manometer, 
A. W. Lawson, Review of Scientific In- 
struments, Vol. 25, No. 11, p. 1136, Nov. 
1954. 


109 Improved Standards For The Cali- 
bration of Vibration Pickups, R. Bouche of 
NBS, Society of Experimental Stress An- 
alysis, Paper No. 570. 


110 Calibration of Vibration Pickups 
By Reciprocity Method, S. Levy and R. 
Bouche, NBS, Vol. 57, No. 4, Research 
Paper No. 2714, Oct. 1956. 


111 Accelerometer Calibration By Bal- 
listic Pendulum, Alvin B. Kaufman, Inst. 
and Automation, Vol. 29, No. 7, p. 1322, 
July 1956. 


112 A Simple Apparatus for the Calibra- 
tion of Hygrometers, D. L. Cutting and 
A. C. Janson, Jour. of Sci. Instruments, 
Vol. 30, pp. 338-339, Sept. 1953. 


113 Psychrometric Table and Charts, 
Zimmerman and Levine, Industrial Re- 
search Services, 1945. 


114 Humidity-Temperature Relation- 
ships of Saturated Salt Solutions, Wexler 
and Hasegawa, NBS Publication, Research 
Paper No. 2512. 


115 Absolute Viscosity of Water at 20°C, 
J. R. Swindells, Jr., Coe, T. B. Godfrey, 
Jour. of Res., NBS, Vol. 48-1, RP 2279, 
Jan. 1952. 


116 Precision Multiple-Mercury-Column 
Manometer, J. R. Roebuck and H. W. Ib- 
ser, Review of Sci. Instru., Vol. 25, No. 1, 
p. 52, Jan. 1954. 


117 Precision Laboratory Standards of 
Mass and Laboratory Weights, Lashof and 
L. B. Macurdy, NBS Publication No. 547. 


118 Calibration and Use of Windmill- 
Type Anemometers, A. Jurissen and P. 
Lendent, Eng. Digest, Vol. 3, No. 12, pp. 
621-622, 1946. 


119 History of Orifice Meters and the 
Calibration, Construction, and Operation 
of Orifices for Metering, Rept. of the 
Joint A.G.A., A.S.M.E. Com. on Orifice 
Coef., 1935, Reprint by the Am. Soc. of 
Mech. Eng., 61 pp. 


120 On the Calibration of Conductivity 
Meters, L. G. Smith, Rev. Sci. Instr., Vol. 
24, p. 998, Oct. 1953. 


121 How to Calibrate Your Gage Blocks, 
Frederick O. Hutchinson, Machinery, Vol. 
62, pp. 160-166, March 1956. 


122 Calibration of Meter Line Standards 
of Length at the National Bureau of 
Standards, by B. I. Page, NBS Jour. of 
Res., Vol. 54, No. 1, p. 1, Jan. 1955. 


123 Gage Block Comparator, NBS Tech 
News Bull., Vol. 12, p. 176, Dec. 1956. 


NUCLEAR RADIATION 


124 Sourcebook On Atomic Energy, 
Samuel Glasstone, D. Van Nostrand Com- 
pany, Inc., 1950. 


125 Radiological Health Handbook, Si- 
mon Kinsman, U.S. Dept. of Health, Educa- 
tion and Welfare, Jan. 1957. 


126 Measurements and Standards of 
Radioactivity, Nuclear Science Series, Re- 
port No. 24, Nat'l. Acad. of Sciences, 
Nat'l. Res. Council, 1958. 


127 Portable Radiation Instrumentation 
Standardization, W. G. Spear, U.S. Dept. of 
Commerce, HW-60404. 


128 X-Ray Calibration of Radiation Sur- 
vey Meters, Pocket Chambers and Dosi- 
meters, NBS Circular 507, U.S. Dept. of 
Commerce, July 1951. 


129 Radiological Monitoring Methods 
and Instruments, NBS Handbook 51, U.S. 
Dept. of Commerce, April 1952. 


130 Applied Health Physics Radiation 
Survey Instrumentation, D. M. Davis and 
E. D. Gupton, O.R.N.L., Jan. 1, 1954. 


131 Handbook of Radiology, R. H. Mor- 
gan Editor, Yearbook Publishers, 1955. 


132 Radiation Dosimetry, G. J. Hine and 
G. L. Brownell, Academic Press, 1956. 


NBS PUBLICATIONS 


The following publications, unless 
otherwise indicated, can be bought 
from the Superintendent of Docu- 
ments, Government Printing Office, 
Washington 25, D. C. Those indicated 
as available from the Bureau are 
distributed by the Publications Sec- 
tion, Office of Technical Informa- 
tion, National Bureau of Standards, 


Washington 25, D. C.; they also are 
available at principal university and 
public libraries serving as deposi- 
tories for government documents. 


This list was compiled by William 
A. Wildhack of NBS. 


GENERAL 


1 Publications of the National Bureau 
of Standards 1901 to June 30, 1947, with 
subject and author indexes. NBS Circular 
460 (1948), 375 pp., price $1.25. 


2 Publications of the National Bureau 
of Standards July 1, 1947 to June 30, 1957, 
with subject and author indexes. Supple- 
ment to NBS Circular 460 (1958), 373 pp., 
price $1.50. (Purchasers of this publication 
who fill out and submit the blank form 
that accompanies it are sent semiannual 
supplementary lists of NBS publications 
at no additional cost.) 


3 Organization and Functions of the 
National Bureau of Standards, Department 
of Commerce Order No. 90 (revised), re- 
printed from Federal Register, June 11, 
1958. Available from NBS Publications 
Section. 


4 Test Fee Schedules of the National 
Bureau of Standards, published when 
issued in Federal Register. Reprints avail- 
able from NBS Publications Section. 


5 Research Highlights of the National 
Bureau of Standards, (Annual Report) 
1960, Misc. Publ. 237; for 1959, No. 229, 
price 55c. 


6 Standard Materials Issued by the Na- 
tional Bureau of Standards, NBS Circular 
552 (3rd ed., 1959), 27 pp. Price 35c, from 
Superintendent of Documents. Supplemen- 
tary insert sheets, issued from time to 
time, are available without charge from 
the NBS Publications Section. 


MASS — LENGTH — VOLUME 


7 Units and Systems of Weights and 
Measures: Their Origin, Development, and 
Present Status, L. V. Judson, NBS Cir- 
cular 570 (1956), 29 pp., price 25c. 


8 Precision Laboratory Standards of 
Mass and Laboratory Weights, T. W. Las- 
hoff and L. B. Macurdy, NBS stet 547, 
Section 1 (1954), 24 pp., price 25c. 


9 Calibration of Line Standards of 
Length and Measuring Tapes at the Na- 
tional Bureau of Standards, L. V. Judson, 
NBS Monograph 15 (1960), 11 pp., price 15c. 


10 The Measurement of Thickness, G. 
Keinath, NBS Circular 585 (1958), 79 pp., 
price 50¢. 


ll Testing of Glass Volumetric Appara- 
tus, J. C. Hughes, NBS Circular 602 (1959), 
14 pp., price 20¢. 


PRESS URE—DENSITY—HUMIDITY— 
GAS FLOW 


12 Mercury Barometers and Manom- 
eters, W. G. Brombacher, D. P. Johnson, 
and J. L. Cross, NBS Monograph 8 (1960), 
69 pp., price 40¢. 


13 Density of Solids and Liquids, P. 
Hidnert and E. L. Peffer, NBS Circular 
487 (1950), 29 pp., price 20¢. 


14 Testing of Hydrometers, J. q 
Hughes, NBS Circular 555 (1954), 10 pp., 
price 10¢. . 
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15 Electric Hygrometers, A. Wexler, 
NBS Circular 586 (1957), 21 pp., price 20¢. 


16 Methods of Measuring Humidity and 
Testing Hygrometers, A. Wexler and W. G. 
Brombacher, NBS Circular 512 (1951), 18 
pp., price 15¢. 


17 Determination and Correlation of 
Flow Capacities of Pneumatic Components, 
D. H. Tsai and M. M. Slawsky, NBS Cir- 
cular 588 (1957), 7 pp., price 10¢. 


HEAT — TEMPERATURE — 
THERMAL EXPANSION 


18 Precise Measurement of Heat of 
Combustion with a Bomb Calorimeter, 
R. S. Jessup, NBS Monograph 7 (1960), 
23 pp., price 25¢. 


19 Calibration of Liquid-in-Glass Ther- 
mometers, J. F. Swindells, NBS Circular 
600 (1959), 21 pp., price 20¢. 


20 Methods of Testing Thermocouples 
and Thermocouple Materials, W. F. Roeser 
and S. T. Lonberger, NBS Circular 590 
(1958), 21 pp., price 20¢. 


21 Reference Tables for Thermocouples, 
H. Shenker, J. I. Lauritzen, Jr., R. J. 
Corruccini, and S. T. Lonberger, NBS 
Circular 561 (1955), 84 pp., price 55¢. 


22 Thermal Expansion of Solids, P. 
Hidnert and W. Souder, NBS Circular 486 
(1950), 29 pp., price 20¢ 


ELECTRICAL MEASUREMENTS 


23 Suggested Practices for Electrical 
Standardizing Laboratories, F. B. Silsbee, 
NBS Circular 578 (1956), 9 pp., price 15¢. 


24 Establishment and Maintenance of 
the Electrical Units, F. B. Silsbee, NBS 
Circular 475 (1949), 38 pp., price 25¢. 


25 Extension and Dissemination of the 
Electrical and Magnetic Units by the 
National Bureau of Standards, F. B. Sils- 
bee, NBS Circular 531 (1952), 33 pp., 
price 25¢. 


26 Precision Resistors and Their Meas- 
urement, J. L. Thomas, NBS Circular 470 
(1948), 32 pp., price 20¢. 


27 High-Frequency Voltage Measure- 
ments, M. C. Selby, NBS Circular 481 
(1949), 14 pp., price 20¢. 


28 Radio-Frequency Power Measure- 
ments, R. A. Schrack, NBS Circular 536 
(1953), 16 pp., price 20¢. 


29 Techniques for Accurate Measure- 
ment of Antenna Gain, H. V. Cottony, 
NBS Circular 598 (1958), 10 pp., price 15¢. 


30 Calibration of Commercial Radio 
Field-Strength Meters at the National 
Bureau of Standards, F. M. Greene, NBS 
Circular 517 (1951), 5 pp., price 10¢. 


31 Services and Facilities of the Elec- 
tronic Calibration Center, NBS Technical 
News Bull. 42, 233 (November 1958) 


LIGHT — RADIOACTIVITY — X-RAYS 


32 Spectrophotometry (200 to 1,000 Mil- 
limicrons), K. S. Gibson, NBS Circular 
484 (1949), 48 pp., price 35¢. 


33 Colorimetry, D. B. Judd, NBS Cir- 
cular 478 (1950), 56 pp., price 40¢. 


34 Photoelectric Tristimulus  Colori- 
metry with Three Filters, R. S. Hunter, 
NBS Circular 429 (1942), 46 pp., price 20¢. 


35 Preparation, Maintenance, and Ap- 
plication of Standards of Radioactivity, W. 
B. Mann and H. H. Seliger, NBS Circular 
594 (1958), 47 pp., price 35¢. 


36 Design of Free-Air Ionization Cham- 
bers. H. O. Wyckoff and F. H. Attix, NBS 
Handbook 64 (1957), 16 pp., price 20¢. 


37 Vibration-Rotation Structure in Ab- 
sorption Bands for the Calibration of 
Spectrometers From 2 to 16 Microns, E. K. 
Plyler, A. Danti, L. R. Blaine, and E. D. 
Tidwell, NBS Monograph 16 (1960), 20 pp., 
price 20¢. 


Although not published by the Bureau, 
the following papers describing recent 
developments were written by NBS staff 
members. All appear in IRE Transactions 
on instrumentation, Vol. 1-7, Nos. 3 and 4 
(double issue), December 1958, non-mem- 
bers $3.00, IRE members $1.50. 


38 The Ammonia Maser as an Atomic 
Frequency and Time Standard, R. C. 
Mockler, J. Barnes, R. Beehler. H. Salazar, 
and L. Fey. 


39 High-Frequency Standards of the 
NBS Electronic Calibration Center, M. C. 
Selby. 


40 High-Frequency Impedance Stand- 
ards at the National Bureau of Standards, 
R. C. Powell, R. M. Jickling, A. E. Hess. 


41 A Dry, Static Calorimeter for R-F 
Power Measurement, P. A. Hudson and 
Cc. M. Allred. 


42 Recent Developments in the Field 
of Microwave Power Measurements at the 
National Bureau of Standards, G. F. Engen. 


43 Recently Developed Microwave Im- 
pedance Standards and Methods of Meas- 
urement, R. W. Beatty and D. M. Kerns. 


New Standard for Spectroscopy 


This improved NBS photoelectric scanning com- 
parator greatly speeds measurement of complex 
unknown spectra. Here R. Zalubus visually com- 
pares lines of known to unknown spectra on view- 
ing screen (right) while oscilloscopes (left) show 
curves of density vs. wavelength for four spectra. 
Plate position, and line intensity and shape are 


punchcard recorded. 
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Using concave grating spectrographs, NBS scientists 
recently recorded the most complete spectrum of thorium 
yet obtained, containing 15,121 lines—over twice the num- 
ber previously published. This new thorium spectrum is 
especially useful as a secondary standard of wavelength 
because its lines are sharp, its stronger lines are about 
evenly distributed throughout its range, and its lines have 
small Doppler widths and are free of hyperfine structure 


or isotopic shifts. 


Since 1888, the iron-arc spectrum has been used as an 
internationally-recognized secondary standard for measur- 
ing other spectra, and the iron lines have been calibrated, 
in turn, interferometrically against the red line of cadmium 
—the primary standard. However, since iron lines are rel- 
atively broad and not evenly distributed, the iron spectrum 
has left much to be desired. 


Improved descriptions of many complex rare-earth spec- 


tra, such as that of thorium, were made possible by recent 
development of electrodeless metal-halide lamps at NBS's 
spectroscopy lab. The new thorium spectrum should meet 
all present needs for a better spectrochemical secondary 
standard between 2000 and 12,000 angstroms wavelength. 
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How to Calibrate Level Controllers 


by R. D. MANDT 
Senior Instrument Inspector 
The H. K. Ferguson Company 

Cleveland, Ohio 


BY USING a leveling bottle and 
rubber hose to simulate levels (Figure 
1), anyone easily can calibrate a float- 
type pneumatic liquid-level transmitter 
or controller. It's a simple yet accurate 
method I’ve been using in the field, 
and wish to pass along to others who 
might find it helpful. 

You arbitrarily choose the upper and 
lower control limits above and below 


*Senior Member of ISA, Idaho Falls 
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the centerline marked on the float 
case as the levels which are to produce 
a 3 and a 15 psi controller output 
air pressure signal. You mark these 
desired levels on pieces of tape and 
stick the tape onto the float case at 
the desired points. Then when you 
raise your leveling bottle to the upper 
tape, for example, the controller should 
produce exactly a 15.0 psi output 
(direct acting) or 3.0 psi (reverse 
acting). And with the bottle at the 
centerline, a 3 to 15 psi output con- 
troller should produce exactly 9.0 psi. 
For all other levels between your tapes, 
the output should be exactly propor- 
tional between 3 and 15 psi. 
Because the controller float 
selected to correct the output for the 
specific gravity of the liquid being 
measured, you must take this into ac- 


was 


count when checking out a float-type 
level transmitter. You must consider 
the difference in gravity berween the 
water you use for calibrating and the 
density of the actual liquid in the 
vessel. Simplest procedure is to fill 
your level bottle and hose with the 
same liquid, when possible. 

A second quick method, more suited 
for checking than calibrating, is to 
insert a rod through the gate valve 
(see Figure 1) to actuate the float. 

If the controller case is equipped 
with pipe plugs, you can connect your 
level bottle and hose there. If a gate 
valve or drain plug is included as in 
Figure 1, you can test the low level 
point with the tank in operation, by 
closing the block valves and draining 
the instrument case. 

With this level-bortle test, you can 





Figure 1. 

Set-up for 
calibration of 
float-type 
pneumatic level 
controller or 
transmitter. 
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be swre your level transmitters are 
working correctly, and you will find 
necessarly only the very minimum of 
adjustment thereafter. 


Calibrating Mercury Pressure 
Switches 


A method for checking out mercury- 
bottle-switch type pressure or liquid 
level controllers is shown in Figure 2. 
By permanently installing hand valves 
and test tees as shown, you can easily 
connect a test manometer, test gage 
and air loader, or dead-weight tester 
without having to remove the pressure 
switch. Calibrations made in the in- 
strument shop can be knocked out dur- 
ing reinstallation on the process. Since 
the small indicating scales on mercury 
pressure switches are unreliable, such 
periodic checking is necessary. 


(OPTIONAL 


Figure 2, Perma- 
nently installed 
valves and tees 
permit quick, ac- 
curate test of 
mercury pres- 





sure switches. 





ih 











I recommend such valves and tees 
be included in the contract covering 
the original controller installation. It 
is expensive and time consuming to 
break into installed piping and dis- 
connect electrical conduit after an in- 
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stallation is complete, especially where 
instruments are welded into the piping 

With this quick and easy check 
method, you can be sure your mercury 
switch controllers really do trip at the 
correct levels and pressures. 


New Atomic Standard of Length 


At precisely 6 pm Paris time last October 14th, the 11th 
International General Conference on Weights and Measures 
adopted a new world standard of length, replacing the 
meter bar kept at Sevres, France, since the 1889 “Treaty 
of the Meter.” The new definition of the meter is 
1,650,763.73 wavelengths of the orange-red line of the 
spectrum of krypton 86. 


Advantages of this new standard are several. First, it is 
immutable: for years scientists have doubted the stability 
of the international meter bar, and have feared that it 
might be somehow destroyed. Second, the krypton stand- 
ard can be reproduced anywhere in the world (or in the 
universe) by any well-equipped laboratory. This will end 
the need to return meter bars periodically to Paris for 
recalibration. Third, the new standard will enable more 
accurate length measure than ever possible before. Fourth, 
the length standard used by spectroscopists for 50 years 
will now be brought into agreement with that used in 
other branches of science, another step toward universal 
measurement throughout all science. 


How It Works. How can light waves—a form of en- 
ergy, be used to measure length—a physical quantity? 
Two light waves of the same wavelength traveling in the 
same direction can interfere with each other. When in 
phase, their energies add, yielding brighter light; when 
out of phase, energies cancel, yielding darkness. As little 
as 1/10th phase shift will cause such interference. If you 
know the wavelength, measurements of this interference 
by observation of the resulting light and dark zones give 
extremely-accurate length measure. But the light used must 
be of single, extremely-stable and precisely-known wave- 
length. 


And here’s where krypton comes in. Its isotope 86 emits 
when incandescent an orange-red light of extremely-stable 


76 ISA Journal 


wavelength which is both easily produced and accurately 
measurable. Used in “interferometers,” it gives scientists 
an ideal new standard for length. 


NBS scientist lowers a krypton-86 lamp into its 
liquid-nitrogen bath. It is operated at this ex- 
tremely low temperature to increase the stability 
of its wavelength. 





SOCIETY NEWS 





L&N‘s Stein Doubly Honored As Instrumentation Leader 


Dr. I. Melville Stein, President of 
Leeds & Northrup and a member of 
the Philadelphia Section of ISA, has 
been elected President of the Foun- 
dation for Instrumentation Educa- 
tion and Research (FIER). 


Founded and partially financed by 
ISA, FIER supports activities which 
include graduate fellowships in in- 
strumentation, arrangement of re- 
search grants for study of instru- 
ment and control problems, and or- 
ganization of clinics for economists 
and other interested groups with 
engineers and scientists of the in- 
strumentation field. 


Dr. Stein has been a director of 
the Foundation since its formation 
four years ago. 


Man of the Year 


Then, in early January, Philadel- 
phia’s Mayor Dilworth named Dr. 
Stein as “Engineer of the Year” for 
that city. At an award luncheon 
Tuesday, February 21st, Dr. Stein 
will receive his citation as part of 
the observance of National Engi- 
neers’ Week, annually sponsored by 
the National Society of Professional 
Engineers, 


Dr. Stein was selected by the Phil- 
adelphia chapter of NSPE, following 
nomination for the honor by the 
Philadelphia Section of ISA. 


Associated with Leeds & Northrup 
for over 40 years, Dr. Stein joined 
the firm as a sales engineer and 
moved upward through various re- 
sponsibilities which included a long 
period as director of research. 


In 1951 he was elected to the new 
position of executive vice president 
and two years later became presi- 
dent. 


On the subject of instrumentation, 
Dr. Stein says, “Today’s opportun- 
ities in the controls and instruments 
industry are of such magnitude that 
it is difficult to enumerate them. 
Many industrial processes today 
could not operate at all without au- 
tomatic controls, and the number of 
such processes is growing.” 





Membership Drive Hits Top Speed 


From reports received here at 
Headquarters, most ISA Sections are 
rapidly moving ahead to sign up as 
many new members as possible be- 
fore the customary summer lull in 
Section activities begins. Remember 
to make these new members feel 
welcome, and guarantee their con- 
tinued interest in your Section and 
ISA by immediately putting them 
to work in some Section activity. 


Ask for Help. By now all Section 
presidents and membership chair- 
men should have received the sam- 
ples of posters and suggested pro- 
motional letters. If you haven't, 
write to the Director of Sections and 


Membership Services here at ISA 
Headquarters. He will be happy to 
see that you get your copy. Also, a 
new promotional booklet to replace 
the Society’s “Your Place in Instru- 
mentation” leaflet now is available 
in quantity to the Sections. Send 
your requests to the above men- 
tioned Staff man for your copies. 


We are counting on you, the Sec- 
tions, for a completely successful 
drive. 

To Sections that have been ex- 
tremely successful in these first few 
months: LET US KNOW HOW YOU 
DID IT so we can tell the other Sec- 
tions. 


New Session Developers 
Named for Toronto Show 


Programing is rapidly shaping up 
for the technical sessions of the 
1961 ISA Instrumentation-Automa- 
tion Summer Conference and Ex- 
hibit, June 5-8, 1961 at Queen Eliz- 
abeth’s Hall and the Royal York 
Hotel, Toronto, Ontario, Canada. 


New appointments for session pro- 
gram developers include: Dr. P. H. 
Stirling, Analysis Instrumentation 
Session, McMasterville, Quebec; Dr. 
J. H. Milsum, Feedback Control Sys- 
tems Sessions, National Research 
Council, Ottowa 2, Ontario, and 
Mills Dean, Strain Gage Session, 
David Taylor Model Basin, Dept. of 
the Navy, Washington 7, D.C. 


Conference Program Coordinator 
for the Toronto show is J. S. Ben- 
nett, 160 Calvington Drive, Toronto, 
Ontario. 


At present eleven sessions are 
scheduled including Management, 
Chemical and Petroleum, Analysis 
Instrumentation, Data Handling and 
Computation, Measurement and 
Control, Automotive Instrumenta- 
tion, Power, Pulp and Paper, Under- 
water Instrumentation, Feedback 
Control Systems and Physical and 
Mechanical Measurement _Instru- 
mentation (Strain Gage). 





Help Wanted for 
Los Angeles Meet 


L. R. Keenen, associate director 
of ISA’s Data Handling and Com- 
putation Division, announces fine 
progress in appointment of program 
developers for the Division’s ses- 
sions at the 16th Annual ISA In- 
strument/Automation Conference- 
Exhibit next September 11-15 in 
Los Angeles. The following out- 
standing men are now building 
strong sessions in the topics listed. 


Computer Clinic. E. H. Coughran, 
IBM, 3424 Wilshire Blvd., Los An- 
geles, Calif. Phone: DU1-3696. 


Data Handling Technical Session. 
Frank Haeckl, Librascope, 100 E. 
Tujunga Ave., Burbank, Calif. 
Phone: TH5-7671. 


Data Handling Workshop. W. F. 
Kamsler, Epsco West, 240 E, Palais 
Road, Anaheim, Calif. Phone: PR 
2-1000. 

These men are soliciting both pan- 
elists for workshops, and papers for 
technical sessions. Address them di- 
rectly, please. 
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Federal Funds for Instrumentation Instruction 


Recent ISA Education Activity 
Reports indicate an increasing num- 
ber of Sections are helping their 
local school administrators in de- 
veloping Instrumentation Training 
Programs at the secondary level. 
Outstanding examples are the Oma- 
ha, Philadelphia, Seattle, Twin Cit- 
ies and Wilmington Sections. Their 
roles in these programs were pri- 
marily as consultants or advisors to 
the school board or that group spe- 
cifically responsible for high school 
levels of vocational and technical 
education. 

How Funds Are Appropriated 

In developing these programs, it 
was reported that several courses of 
instruction qualified for assistance 
funds from Title VIII of the Nation- 
al Defense Education Act (NEDA). 
The general category of “electronic 
or electrical preparatory programs,” 
in which instrumentation training is 
included, accounted for approxi- 
mately 30% ($2,100,000) of the ap- 
propriations alloted in 1960. Section 
advisory groups should keep in 
mind that the Federal Government, 
through the NDEA* (P.L. 85-864 and 


Aero/Space Newsletter 
Goes Into Orbit 


Headquarters was pleased to re- 
ceive recently the handsome first 
issue of Aero/Space Instrumentation 
Newsletter, published by ISA’s 
Aero/Space Industries Division. It 
will be issued thrice yearly—March, 
June and October. Its purpose: to 
further discussions begun at the an- 
nual May Aero/Space Symposia 
(this year to be held April 30-May 
4, 1961, in Dallas, Texas); to provide 
communication between all those 
concerned in Aero/Space instrumen- 
tation; to publicize Division pro- 
grams; to afford spot news and 
views of A/S people. 


E. O. Spencer, editor, in inviting 
your participation says: “A com- 
munication must be a _ two-way 
street; the Newsletter is so intended. 
Its space is reserved for your con- 
tributions—particularly those that 
serve to make our Division more re- 
sponsive to the needs of the A/S 
Industry.” 


In view of the great possibilities 
for Society growth at the Divisional 
level, ISA _ president Dr. Ralph 
Tripp has appointed Henry Noebels, 
Beckman Instruments; John Ma- 
honey, Union Carbide Nuclear; and 
Herbert Kindler, Director ISA Tech- 
nical & Educational Services, as a 
committee to consider the total 
problem of membership growth ac- 
cording to Divisional interests. Pub- 
lication of Divisional Newsletters 
such as this will be part of the com- 
mittee’s study. 
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Misc. 3560), has authorization to 
make available funds totaling $15,- 
000,000 annually under Title VIII 
of the act. This law, ending June 
30, 1962, provides for the allotment 
of funds to the states in the same 
proportion as they receive all other 
school funds. Basically, the enact- 
ment provides for the purchase, 
rental, or other acquisition, and the 
maintenance of instructional equip- 
ment to meet certain training ob- 
jectives, provided these programs 
meet their particular state’s approv- 
al for funds. 

ISA Section advisory groups 
should be especially aware of these 
requirements as this law, in effect, 
matches Federal funds dollar for 
dollar with state and/or local funds. 
This act can, therefore, greatly help 
in providing the training aids essen- 
tial for instrument instruction by 
developing and equipping an in- 


*Reference to the January 1961 issue of 
the Industrial Arts & Vocational Educa- 
tion Magazine will provide a more de- 
tailed description of P.L. 85-864 "y, Dr. 
W. M. Arnold, Director of Area Voca- 
tional Education. Office of Education, 
Washington, D.C. 


New York City Selected 
for 1962 Annual Meeting 


New York City’s Coliseum has 
been selected to house ISA’s Annual 
Conference and Exhibit during the 
week of October 15-19, 1962. This 
timing is a month later than ISA’s 
past annual meetings and was made 
possible by a recently adopted 
amendment to the ISA Constitution 
and By-Laws. 


Negotiations are also under way 
by Executive Director Bill Kushnick 
to obtain conference and exhibit fa- 
cilities for the annual meetings in 
later years. The tentative plan is 
Chicago in 1963, New York in 1964 
and Los Angeles in 1965. This pat- 
tern would establish New York City 
as the hub every second year, with 
Chicago and Los Angeles every 
fourth year. 


No seasonal shows are being 
scheduled for 1962. The ISA Ex- 
ecutive Board is continuing its study 
of the desirability of holding these 
extra meetings in subsequent years. 





Are You A Member 
In Good Standing? 


If you have not yet paid your 
1961 ISA dues (due Nov. 1, 
1959) you are not in good 
standing. Maintain your ISA 
membership obligations by 
mailing your dues payment 
today to ISA Headquarters. 











strument laboratory. However, these 
requirements must be observed. The 
equipment should duplicate indus- 
trial equipment, where possible; it 
should adequately assist in convey- 
ing the training objective and be 
peculiar to the occupation for which 
the program is designed. Certain 
expendable items necessary for op- 
eration of this equipment should 
also be considered when developing 
program equipment specifications 
lists. 


The Role of The Section 


Our nation’s schools are anxious 
to take advantage of these govern- 
ment appropriated funds to strength- 
en and broaden their instructional 
programs and to bolster their opera- 
tional budgets. ISA Sections can per- 
form a much-welcomed service by 
making themselves available in a 
consulting and advisory capacity to 
the schools in their area. ISA Head- 
quarters has information on those 
schools which have already estab- 
lished such programs, in many cases 
with ISA Section assistance. If your 
Section would like to know of the 
experiences of others, Headquarters 
will be happy to make this informa- 
tion available. 


Nominations for District 
Vice Presidents Begin 

Following the final meeting of the 
National Nominating Committee, 
slated for March 24, 1961 in New 
York City, a National Delegates 
meeting will be held within ten days 
to finalize Vice Presidential nomi- 
nations for Districts I, III, V, VII, 
IX and XI. 

Nominations to date include: Dis- 
trict I: Alonzo R. Parsons, Minne- 
apolis-Honeywell Regulator Com- 
pany, Long Island City, New York; 
and District IX: Ed. C. Day, Jr., 
General Electric Company, Rich- 
land, Washington. 

Dr. Tripp Chairs IAS Session 

Dr. Ralph H. Tripp, ISA President, 
served as chairman of a space in- 
strumentation session during the 
29th Annual Meeting of the Institute 
of Aerospace Sciences, January 23- 
25, 1961 in the Hotel Astor, New 
York City. 

The session, conducted in coopera- 
tion with ISA, was entitled “The 
Role of Instrumentation in Space.” 

Authors and papers under Dr. 
Tripp’s chairmanship included Space 
Man vs. Space Machine, A. R. Hibbs, 
Space Science Div., Jet Propulsion 
Labs; Economics of Instrumentation 
Precision for Space Vehicle Devel- 
opment, Verne R. Boulton, Test Div., 
Aerojet-General Corp.; Scientific 
Exploration of Deep Space Probes, 
Charles P. Sonett, NASA; and Ap- 
proach Guidance for a Mars Space 
Craft, C. R. Gates, Jet Propulsion 
Labs., C.1.T. 





Recognition 
of Instrumentation 


by DR. A. 0. BECKMAN 
President, Beckman Instruments, Inc. 
Fullerton, California 
(Past-President ISA, 1952) 


During 1961 the Instrument Society 
of America will celebrate its 15th 
Anniversary. Past presidents of the 
Society have been invited to review 
highlights of their administration and 
look into the future. The first story 
by R. J. S. Pigott appears in the 
January ISA Journal. This report by 
Dr. Beckman is the second in this 
series.—Editor's Note 


In my opinion ISA’s greatest and 
most immediate challenge is to es- 
tablish Instrumentation Engineering 
in its rightful place as a separate 
professional branch of engineering. 
This is not an insurmountable task 
for an organization which has come 
as far as it has in 15 years. However, 
before I discuss this important sub- 
ject, may I highlight some of the 
important advancements and accom- 
plishments made by the Society dur- 
ing the year in which I was privi- 
leged to serve as its president. 

Half way back in its young life, 
in 1952, ISA took many stimulating 
and encouraging steps. A new con- 
stitution and by-laws were imple- 
mented, the technical programs were 
expanded, greater recognition was 
made for professional accomplish- 
ments. Membership increased by al- 
most 25%, and the number of Sec- 
tions rose from 52 to 58. During this 
year, the Society’s first full-time 
manager was employed and a Na- 
tional Office was established. In 
April 1952 the National Research 
Council invited ISA as an affiliate 
member, the youngest organization 
ever accorded such an invitation. Six 
new technical committees were or- 
ganized, with their initial efforts 
contributing to the 7th Annual Con- 
ference and Exhibit in Cleveland. A 
new feature at this meeting was the 
Analysis Instrumentation Clinic with 
lectures and demonstration. The 7th 
Annual meeting was a_ national 
event, breaking records for exhibits, 
attendance and excellence of tech- 
nical presentations. 

The record of the past clearly in- 
dicates ISA’s assignment for the 
future. As the dominant interna- 


tional organization for the advance- 
ment of instrumentation, the Society 
must continue to pace the progress 
of the technology. In meeting this 
responsibility there are some ob- 
vious requirements. ISA must ex- 
pand its membership, with a special 
attempt to enlist creative people 
who can make valuable contribu- 
tions to the Society and the tech- 
nology it serves. The technical pro- 
gram will require continual modifi- 
cation to match the changing dy- 
namics of science and technology; 
space exploration and medical elec- 
tronics are just two areas which 
typify the demands which will be 
placed on our technology for new 
and better equipment. The means 
for communicating a growing vol- 
ume of pertinent technical informa- 
tion will have to be expanded and 
improved. 

To me the most pressing objective 
for instrumentation and hence, ISA, 
is recognition of Instrumentation 
Engineering as a separate profes- 
sional branch of engineering. I am 
convinced that Instrumentation En- 
gineering must have professional 
recognition, if it is to meet the needs 
of our exploding technology. And I 
am equally convinced that the time 
to begin a serious campaign for 
such recognition is now. 

So long as instrumentation engi- 
neers are provided haphazardly as 
mavericks from other professions, 
the growth of instrumentation will 
be impeded, The quickening pace of 
technology demands a more thor- 
oughly trained expert, well schooled 
in the basic fundamentals of mathe- 
matics, physics and allied sciences, 
to develop and apply instrumenta- 
tion with maximum effectiveness. 
With the approach of widespread use 
of data processing equipment and 
computers in process control, tomor- 
row’s instrumentation engineer must 
also be familiar with computer logic, 
programing techniques and the like. 

With such demanding qualifica- 
tions, we can no longer rely on other 
technical disciplines for our supply 
of instrumentation engineers. In the 
past we have been fortunate that a 
great many persons who entered the 
instrumentation profession had broad 
i iterests and abilities which enabled 
them to overcome any handicaps 
imposed by lack of specific prior 
training. A pioneering activity al- 
ways attracts capable people with 
initiative and imagination. But in- 
strumentation is past the pioneering 
stage and must establish a stable 
means for providing an increasing 


Engineering 


Dr. A. O. Beckman, founder-presi- 
dent of Beckman Instruments, Inc., 
is internationally recognized for his 
distinguished career as a scientist, 
educator, businessman, and _ civic 
leader. He received his B.S. and 
M.A. degrees from University of Ill- 
inois, and his PhD in photochemis- 
try from California Institute of 
Technology. Dr. Beckman is the 
author of numerous technical papers 
and holds many patents relating to 
scientific instruments, ISA elected 
him an Honorary Member in 1959 
for his many distinguishing services 
to the Society and the instrumenta- 
tion field. Dr. Beckman resides in 
Altadena, California. 


number of highly trained specialists. 

Education is the major factor 
which will determine the rate at 
which the profession of Instrumen- 
tation Engineering will grow. For 
our own interest, as well as for the 
best interest of society in general, 
we as members of the instrument 
profession and the Instrument So- 
ciety of America have an obligation 
to promote better education for in- 
strumentation and thereby hasten 
the establishment of Instrumenta- 
tion Engineering in its rightful place 
as a separate professional branch of 
engineering. In my opinion this is 
ISA’s greatest and most immediate 
challenge. This is not an _ insur- 
mountable task. The Society has ac- 
complished much during its exis- 
tence, and given the continued sup- 
port of responsible and dedicated 
members, the future can be expect- 
ed to dwarf the past in rate of 
achievement. I for one am confident 
that ISA will meet its challenges in 
the manner which hzs enabled the 
Society to establish itself as the in- 
ternational pacemaker for instru- 
ment technology. 
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Nashville Section Receives Charter 


The Nashville Section of ISA for- 
mally received its charter Tuesday, 
November 22. The presentation was 
the climax to months of effort to 
establish the organization. 


The first difinitive steps toward 
the formulation of the new Section 
were taken during a meeting in 
August attended by District III Vice 
President Jack Mahoney and secre- 
tary Earl Seagraves. Plans were 
made for an organizational meeting 
in October. 


In planning the October meeting, 
brief letters stating the purpose of 
the meeting and enclosing a bro- 
chure furnished by the National or- 
ganization were mailed to prospec- 
tive members. The week before the 
meeting, additional notices were 
sent and follow-up telephone calls 
were made. 


Some 70 representatives of Van- 
derbilt University and industry in 
Nashville, Tullahoma, New Johnson- 
ville and Columbia attended. The 


speaker was ISA Past-President, J. 
Johnston, who discussed Russian 
instrumentation. 


The potential membership of the 
Nashville Section has been estimated 
at 150. The new organization hopes 
to have 50 members within the next 
few months. 


Temporary officers of the Nash- 
ville Section are B. S. McKinley, 
President, W. P. Hairston, Secre- 
tary, W. J. Sudekum, treasurer, K. B. 
Schnelle, program chairman, C. M. 
Hobrock, membership chairman, and 
E. H. Bennett, national delegate. 


Other charter members are: J. B. 
Batson, R. Bell, R. I. Bradford, H. 
Bradley, R. J. Dealy, H. D. Durrett, 
C. W. Eaton, R. L. Hand, W. T. Har- 
ris, R. E. Hewgley, F. C. Hightower, 
W. B. Johnson, A. L. Lassiter, C. L. 
Meador, M. M. Osborne, A. D. Pan- 
ter, M. L. Purtell, P. W. Richards, 
J. C. Smith, R. B. Stamps, R. Staub, 
C. R. Street, F. H. Trapnell, and R. 
C. Wilkinson. 





$3,000 Spent on Instrument Courses in Chicago 


Eighty-eight men are currently 
taking courses, sponsored by the 
Chicago Section, in measurement 
and control theory at the University 
of Illinois. 


The total cost of enrollment in 
the courses is over $3,000, proving 
the great interest and need for this 
type of educational program. 

Two courses are being given at 
the present time, one in measure- 
ment, the other in automatic con- 
trol theory. These will be followed 
by courses in application engineer- 
ing and systems analysis, The mathe- 
matics course is already accredited 
by the University of Illinois. The 
education committee of the Chicago 
Section is working toward making 
all the other courses accredited in 
the near future. 

Course I, “Measurement Tech- 
niques for Instrumentation,” includes 
expansion thermometers; thermo- 
electric instruments; electric instru- 
ments; resistance thermometer and 
bridge circuits; radiation and mois- 


Education chairman of the Chicago Sec- 
tion, Hugh Wilson, presents a demon- 
stration of control modes during the Sec- 
tion-sponsored courses in measurement 
and automatic control theory at the Uni- 
versity of Illinois. 
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ture measurements; mechanical 
measurements; pressure and vacu- 
um measurement; head and level 
measurement and flow metering. 
Course II, “Automatic Process 
Control,” includes feedback and no- 
menclature; two-position control; 
proportional control; floating con- 
trol and rate control; combinations 
of control functions; pneumatic cir- 
cuits for control; hydraulic control 
circuits; electric and electronic cir- 
cuits, and final control elements. 
The Chicago Section is interested 
in offering their assistance to any 
Section throughout the country 
which is attempting to start an edu- 
cational program. For information 
contact: Hugh Wilson, Educational 
Chairman, 1809 East 71st St., Chicago 
49, Ill. 
Reported by Hugh Wilson 


SECTION NEWS 


Cincinnati Section, SAS 
Join in Ohio Valley 
Symposium & Exhibition 


Great interest throughout the 
Ohio Valley area has been shown 
in the 1961 Ohio Valley Instrument, 
Automation and Electronic Exhi- 
bition-Symposium to be held April 
11-12, in Cincinnati Gardens, Cin- 
cinnati, Ohio. 


The two-day event is sponsored 
by the Cincinnati Sections of ISA 
and the Society for Applied Spectro- 
scopy. 

The Symposium sessions will be 
held each morning from 9:00 A.M. 
to 12 Noon. The Exhibition will run 
from Noon to 9:00 P.M. 


Special separate committees from 
the ISA and SAS Sections are col- 
laborating on different phases of the 
project, with overall coordinated 
planning under ISAman General 
Chairman, Paul D. Fleming, G.E. 


Exhibit Committees 


Two Committees on Exhibits in- 
clude: 


ISA — Leslie O. King, chair- 
man, G.E.; Charles Faltin, Procter 
& Gamble; Milo Zupansky, Crosley 
Div., AVCO; Ned Downs, Champion 
Paper & Fiber Co.; Paul Obear, 
Bristol Co.; William Ackley, Procter 
& Gamble Co.; and Edward A. 
Kuwatch, manufacturers represen- 
tative. 


SAS — R. D. Ohlinger, chairman, 
National Lead Co.; H. A. Heller, 
National Lead Co.; C. I. Kenyon, 
Hilton-Davis Chemical Co; N. Ger- 
ber, Formica Corp., div. of American 
Cyanamid Corp. 


Symposium Committee 


The SAS Symposium Committee 
is under the chairmanship of Robert 
G. Keenan, U.S. Public Health Phys- 
ical and Chemical Analysis Section, 
Occupational Health and Research 
Training Center; E. C. Tabor, Taft 
Sanitary Engineering Center; R. O. 
Crisler, Procter & Gamble; R. E. 
Kupel, G.E.; S. H. Milliman, G.E.; 
P. E. Berghausen, Cincinnati Milling 
Machine Co., and C. E. Pepper, 
National Lead. 


B F. Burdick, president of the 
ISA Cincinnati Section, is serving 
as Symposium Counselor, and R. A. 
Scheffer, ISAman, is Chairman of 
the Public Relations committee. 





Crabbe & Stebbins Scholars 
Named at Valparaiso University 


The first student project resulting from the Engineering Systems Analysis Course at 
Valparaiso University was a pneumatic process analog. The unit is examined by Dr. 
Leslie M. Zoss (left), head of the school’s industrial research program, and Dale R. 
Gilkinson (center) and Arthur M. Ziesk, dual recipients of the Crabbe & Stebbins 
Undergraduate Scholarship in Instrumentation and Automatic Control, given through 


the New Jersey Section. 


Two Valparaiso University senior 
engineering students are sharing a 
$1,500 scholarship grant recently 
awarded to the University by Crabbe 
& Stebbins Company. 

The Undergraduate Scholarship 
in Instrumentation and Automatic 
Control is an annual grant given by 
Fred L. Crabbe and Gerald L. Steb- 
bins, New Jersey Section members, 
and owners of Crabbe & Stebbins 
Co. It is administered through the 
New Jersey Section of ISA. 

The scholarship winners are 
Arthur M. Ziesk, Jr. of Valparaiso, 
Indiana, and Dale R. Gilkinson of 
Chicago, both mechanical engineer- 
ing majors. 


The objectives of the Crabbe & 
Stebbins Scholarship are to help 
worthy students and to bring atten- 
tion to the need of industry for 
engineers trained in instrumentation 
and automatic control. 

Dr. Leslie Zoss, head of the Val- 
paraiso University industrial re- 
search program, said the students 
will conduct their study in proc- 
ess control and will work through 
the Engineering Systems Analysis 
course, a senior option course in 
which each student conducts an in- 
dividual project. Prior to entering 
this program, both students will 
have completed the Automatic Con- 
trols Course offered in the Mechan- 
ical Engineering Dept. 


Twin City Section 
Holds Symposium 


Top speakers from all phases of 
industry took part in the Sixth 
Annual North Central Automation 
Symposium held early in February 
in Minneapolis. 

Sponsored by the Twin City Sec- 
tion, the Symposium was devoted 
to technical, maintenance and gen- 
eral engineering subjects. 

Key speakers were John Johnston, 
Jr., past president of ISA and Su- 
pervisor of Consultants, Engineer- 
ing Division, E. I. Du Pont de Ne- 
mours Co. Mr. Johnston spoke on 
“Keeping Up with Instrumenta- 
tion.” Capt. W. C. Eddy, U.S.N. 
retired, discussed “Engineering 
Abroad”. Capt. Eddy, President of 
Television Associates, has done in- 
ternational surveys on magnetome- 
ters and is well known for his in- 
dustrial cartoons. “Investments” was 
the subject of Arthur H. Smith, Vice 
President of Midwest Technical De- 
velopment Corp. 


The technical sessions included 
such speakers as J. R. MacCauley, 
Wheelco Div., Barber Coleman, 
“Transducers as Applied to Null 
Balance Potentiometers”; H. L. 
Cook, Chief Engineer, Ohmart Corp.., 
“Beta and Gamma Ray Gaging”; 
Shepard Kinsman, Colter Industrial 
Sales Co., “Colter Counter’; and 
Del Olson, Supervisor, Instrument 
Engineering, Minnesota Mining & 
Manufacturing, ‘Instrumentation 
and the Symposium in Retrospect”. 

The Maintenance Clinic speakers 
were H. G. Realsen, Leeds & North- 
rup, “Pryometry”; Robert Reynolds, 
Taylor Instruments Cos., “Opera- 
tion and Maintenance of Mechanical 
and Electronic Transducers”; and 
Dan Hils, Manager, Service Div., 
Hays Meter Co., “Gas Analyzers”. 


Reported by R. E. Hopper 











‘ Section Briefs 


PASO DEL NORTE SECTION 
members heard Willis Webb of the 
White Sands Missile Range, discuss 
the “First Meteorology Network, 
High Altitude Meteorology” at a re- 
cent monthly meeting . . . Dick Tier- 
nan has been elected as Paso Del 
Norte Section delegate, with Walter 
Hiller as alternate. 

Reported by Kenneth Ruhl 


THE NORTHERN CALIFORNIA 
SECTION will again sponsor an 
Annual ISA Manufacturers’ Night 
Seminar and Maintenance Clinic on 
May 8. Further information may be 
obtained from Alex M. Wayne, c/o 
Bechtel Corp., 101 California St., 
San Francisco, Cal. 

Reported by Ed Sanchez 


A THREE-MAN COMMITTEE 
within the Toronto Section is cur- 
rent reviewing the proposed ISA 
R.P. 5.1 final revision prepared by H. 
E. Hanson’s committee on Instru- 
ment Flow Plan Symbols. The revi- 
sion was proposed as a result of the 
additional needs that have been cre- 
ated by technological changes over 
the last eleven years. The committee 
consists of T. Douglas, Eubank & 
Partners Toronto; A. Yuile, Cana- 
dian Westinghouse, and R. Norman, 
Hydro Electric Power Commission 
of Ontario. Reported by J. Pefhany 


DATA CONSTIPATION was the 
title of a talk given by ISA Na- 
tional President, Dr, Ralph E. Tripp, 
at the February 15 meeting of the 
New York Section. Dr. Tripp, Assis- 
tant Director, Flight Test Dept., 


Grumman Aijrcraft Engineering 
Corp., described data logging in con- 
nection with various tests utilized by 
the aircraft industry . . Will A. 
Foster, past president of the New 
York Sales Executives Club and con- 
sultant in public relations to the 
American Dairy Assoc., gave Sec- 
tion members some pointers on 
“Managing Your Invisible Sales 
Force” at the December meeting. 
Reported by Henry Goldson 


DIGITAL CONTROL in Modern 
Industry was the theme of the recent 
monthly meeting of the Milwaukee 
Section. Kenneth W. Clarke, Prod- 
uct Manager, Datex Corp., illus- 
trated his talk with slides of actual 
systems in operation in steel mills 
and petroleum industries. 

Reported by Charles Hemauer 
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Strictly Sectional 





Coffee talk speaker at the Jan- 
uary dinner meeting of the Wilm- 
ington Section was S. Ferman who 
spoke on “Electronic Industry in 
Japan”. . the February meeting 
will feature T. F. Silvey on the 
timely subject, “Labor Unions Look 
at Automation”. 


A 90 minute film in sound and 
color, “Atomic Physics” comprised 
the January meeting of the Kansas 
City Section. 


The Los Angeles Section’s Janu- 
ary meeting was held in conjunc- 
tion with the Pasadena City College 
student division in the form of a 
“Student Night”. Fred H. Felberg, 
deputy chief, Engineering Mechan- 
ics Div., Jet Propulsion Lab., spoke 
on “Taking Your Instrumentation 
to the Moon”, a welcome relief, 
according to some Section members, 
for those who have been told to 
take their instruments elsewhere. 
Dr. Paul Shlicha, senior scientist 
at JPL, spoke on the Techniques of 
“Whisker” Testing—not 5 o’clock 
shadow, but super strength micro- 
scopic filaments of metal. 

“Control Valve Positioners” was 
the subject of a talk by Dean Pills- 
bury, Mason-Neilan, during the Jan- 
uary meeting of the New Jersey 
Section. 


New Members 





ASHTABULA: Henry E. Sender 
BOSTON: Thomas C. Dudley 
CALGARY: Robert D. Sage 
CENTRAL NEW YORK: Paul A. Buck 


CHARLESTON: John C. Bregger, David 
W. Thomas, Wilmer R. Thompson 
CHATTANOOGA: John A. Gasell, Jr., 

William F. Soleau 
CINCINNATI: Le Roy Owens, Robert L. 
Staley 
CLEVELAND: Ray E. Griffith, Gerald E. 
Stackhouse 
CONNECTICUT VALLEY: 
Lewis, Walter T. Tully 
Cummins, William 


Richard A. 


DAYTON: Orval J. 
Smith, Jr. 


DETROIT: Steve P. Hahnert 


FAIRLEIGH DICKINSON: Carl Bartoli, 
Richard J. Bergmann, Anthony Bonil- 
lo, Ellis Canal, Jr. Joseph L. Carbone, 
Joseph C. Castilli, John E. Chin, Rich- 
ard J. Cholewinski, Richard D. Cio- 
lino, Daniel J. D'Alessandro, Richard 
L. Egli, Harry G. Freschlin, Richard 
C. Garbarino, Harold C. Goering, Al- 
bert Gonsiska, Jr., Howard M. Gordon, 
Thomas Haffy, III, Frederick T. Kap- 

Stanley R. Kyak, Richard 

William J. Long, Aleksander 
B. Macander, Victor Marelia, Earl A. 
Muhlbaier, Donald P. Northrop, Don- 
ald A. Nugent, George J. Petino, Jr., 
Joseph A. Spinelli, Stanley J. Tarnow- 
ski, Frederick P. Von Hagen, Robert 
J. Welenofsky, Lyman H. Whitney, 
Michael W. Zetwick, Algirdas V. Zibas 


HOUSTON: Roy D. Gaul, Eric Hamm, 
James O. Sandridge 


JACKSONVILLE: Clarence N. Crocker, Jr. 
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An award winning production, 
“The Thread of Life,” by the Bell 
System’s Science Series, was the 
feature of the January meeting of 
the Wayne County Section. 


The first in a series of free tech- 
nical meetings, sponsored by the 
Boston Section was held recently 
at Northeastern University. Horace 
Darling, Foxboro, lectured on Mag- 
netic Amplifiers. the regular 
January meeting featured J. L. 
Moore, representing Weighing and 
Control Components, Inc., who dis- 
cussed “Automatic Weighing Sys- 
tems”: batch weighing, single and 
multiple ingredient, continuvus 
weighing and programed loss-in- 
weight. 


“The Outlook for the Rotameter in 
the Process Instrumentation Field” 
was the topic selected by Seymour 
Blechman, vice president, Brooks 
Instrument Co., during a_ recent 
meeting of the Tulsa Section. 


Bennie B. Stephenson, Common- 
wealth Edison Co., discussed Instru- 
mentation and Control at Dresden 
Nuclear Power Station during the 
recent meeting of the Chicago Sec- 
tion. 


“Under-Sea Exploration Instru- 
ments and Equipment” by Gilbert 
Jaffee, Technical Director, Instru- 
mentation Div., U.S. Navy Hydro- 
graphic Office, was the subject of 
a recent Washington Section meet. 


KANSAS CITY: Paul L. Grandcolas, Billy 
F. Schaible 


LAKE SUPERIOR: Paul E. Lakanen 

LONG ISLAND: George Becker, Richard 
C. Gibson, Andrew L. Polcz, Saul Ro- 
senblatt 


MEMPHIS: Howard J. Lawrence 
MOJAVE DESERT: Paul B. Scharf 


MONTREAL: John C. Johnston, Anthony 
D. Oldham, David J. R. Thomson, 
James R. Williams 


NEW YORK: David S. Bunch, Jr., Henry 
F. Colvin, III, Mort Leary, Jr., Richard 
J. O’Connor, Alexander J. Patrick 


NIAGARA FRONTIER: Martin A. Leuch- 
tenberger 


NORTHEAST TENNESSEE: William H. 
Brown, Jr., Robert L. Schick, Clarence 
E, Stump 


NORTH TEXAS: Thomas E. Drawhorn, Jr., 
Billy P. Jones 


NORTHERN CALIFORNIA: Rosser L. Bey- 
non, Zebnor H. Fitch, Gerald S. Hoyt, 
Thomas D. Jack, Constantine I. Kolo- 

oO 


NORTHWEST WASHINGTON: Donald G. 
Drew, William R. Latimer 
ORANGE COUNTY: Frampton J. Johnston 





Are You A Member 
In Good Standing? 


If you have not yet paid your 
1961 ISA dues (due Nov. 1, 
1959) you are not in good 
standing. Maintain your ISA 
membership obligations by 
mailing your dues payment 
today to ISA Headquarters. 











Richard Kidder, Industrial In- 
struments, talked about “Conductiv- 
ity Measurement” before members 
of the Chattanooga Section. 


The January technical meeting of 
the Philadelphia Section featured a 
coffee talk by W. H. Oldach, Jr., 
Leeds & Northrup, on “Market Re- 
search—a Tool for Growth in the 
Instrument Business”, and a _ tech- 
nical discussion by A. E. Le Van, 
American Machine and Metals, on 
“Novel Applications of Pressure 
Sensing Elements”. 


G.E.’s Stanley Bernstein explored 
the application of transistors during 
a recent meeting of the Fox River 
Valley Section. 


New officers of the Saulte Ste. 
Marie Section for the 1961 season 
are: president, D. W. Graham, Al- 
goma Steel; vice president, E. Ewing, 
Union Carbide Canada; secretary, 
H. Lapointe, Algoma Steel; treas- 
urer, S. Hubert, Algoma; and na- 
tional delegate, David Beaton, Al- 
goma. ... Edward Ewing, new sec- 
tion vice president, described typical 
tonnage oxygen plants of the Linde 
Gases Div., Union Carbide Canada, 
with emphasis on the existing facil- 
ity at Sault Ste Marie. 


The extent of control and distri- 
bution of gaseous fuels in the Fair- 
less Works was described by J. E. 
Weber, U.S. Steel Corp., at the last 
meeting of the Lehigh Valley Sec- 
tion. 


PASO DEL NORTE: Wood R. Roberts 


PITTSBURGH: Thomas W. Benson, Ear! 
L. Bowers, Robert L. Burkhart, Ed- 
ward W. Elder, Lewis W. Leonheart, 
John A. Lindstrom, Elmer L. Menges, 
Jr., Charles W. Padden, Gabriel Simko, 
George E. Stanmore, G. Richard Winder 


SANTA } came VALLEY: Martin L. Lund- 
quis 


SAVANNAH RIVER: Gene N. Daniels, 
Ernest J. Pelletier, Jr. 


SOUTH TEXAS: Jan L. Kugler, Jimmie 
D. Skinner 


TAMPA BAY: Eugene H. Neuner, William 
D. Sheppard 


TIDEWATER-VIRGINIA: Owen J. McColl, 
Arthur R. Temple 


TOLEDO: Robert E. Bedee 


WESTERN MASSACHUSETTS: Kenneth R. 
Bilodeau, Arnold L. Wilder, Irving S. 
Eagerson 


WICHITA: James I. Killian, Charles W. 
Allen, Keith C. Walton 


WILMINGTON: Roger F. Hone, Jr., George 
W. Fecher, William E. Fitting, Gerald 
J. Gallagher 


UNAFFILIATED UNITED STATES: Gil- 
bert Gilbert, James Girdwood, Jack 
Stothard, Edward W. Cieplinski, Wil- 
liam G. Corkins, Christopher R. Cox, 
Elvin Johnson, Stephen R. Krause, 
Guy Lebourgeois, Floyd H. McGinnis, 
Henryk Nikiel, Colleen L. Ray, Win- 
ston U. Reed, Robert W. Schoener, Or- 
ville L. Smith, James E. Starr, John R. 
Taylor, Ray T. Wakefield, Sumner 
Ackerman, William E. Bratton, Eugene 
R. Kuczynski, John S. Lory, Joe T. 
Mason, Jr., Philip G. Patch, John A. 
Pfingsten, Jean C. Richard, Dorothy 
P. Vogel 


UNAFFILIATED FOREIGN: Henri J. De- 
heer, Walter K. Hornung, Charles E. 
Lowe, Luis Colino, Roger P. Dubuse, 
Toshio Kinoshita, Teiichiro Kobayashi, 
Giorgio Paci, Pierre J. Weber, Jagdish 
N. Thakar, Sven O. Wejdling, Inn Jin 
Kim, John N. Morton, Hartwig Righi 





HOW SHOULD YOU EVALUATE POTENTIOMETER ACCURACY? 


Accuracy in an instrument is more than a matter 
of how closely measured values correspond to true 
values. Some potentiometers, for example, may be 
capable of sky-high accuracy—but only under ideal 
laboratory conditions. Other potentiometers may 
deliver consistent high accuracy . . . higher than 
you actually need . . . with the penalty of excessive 
cost. 


/ realistic evaluation of potentiometer accuracy, 
then, involves consideration of stability and repro- 
ducibility as well as stated limits of error. By these 
criteria, Rubicon potentiometers, galvanometers 
and bridges should be YOUR choice. 


VV, By any measure, the new Rubicon 2746 port- 

able potentiometer is an outstanding instrument. 

ors Ranges 0—1.601 and O—0.1601 volts. Limits of 
error are constant, realistic, usable: high range— 
30 microvolts or 0.03% of reading, whichever is 
larger. Low range—3 microvolts or 0.045% of 
reading, whichever is larger. Depend on it for 
consistent accuracy. Write for Specification Sheet 
RS-27 46, for details. 


CIRCLE NO. 85 ON PAGE 112 


Rubicon accuracy stems from a long tradition of 
engineering excellence and a pride of craftsmanship 
that is not easily found these days. You can sense 
this about Rubicon instruments, even before you 
put them to work. And today the Rubicon tradition 
of the finest in measuring instruments is being per- 
petuated by both small refinements and major 
advances in design . . . to make the best even better. 
The complete line of Rubicon instruments is avail- 
able through any of the Honeywell branch offices 
across the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, 
Ridge Ave. at 35th Street, Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities of the world. 
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new products 














Dead-Weight Tester 


Pneumatic “Floating Ball” 
deadweight tester is a pre- 
cise primary pressure stand- 
ard incorporating a friction- 
free spherical piston. Reso- 
lution, repeatability, and 
hysteresis are better than 
0.005% of output; accur- 
acy is 0.05%. Pressure 
ranges to 61 psi are avail- 
able. Application of cali- 
brated weights is only ma- 
nipulation required. R. J. 
Karr Co. CIRCLE NO. 301 


Temperature Regulator 


Single-seated, self - con- 
tained diaphragm-actuated 
teinperature regulators can 
“full stroke” the valve with 
a smaller temperature 
change than can _ vapor- 
pressure or gas-filled types. 
Liquid-filled sensor is fully 
interchangeable while regu- 
lator is on line. Sizes range 
from % to 4”. Inlet pres- 
sures range to 175 psi; tem- 
peratures to 500°F. Leslie 
Co. CIRCLE NO. 302 


Micrometer Vernier 


Vernier scale, placed on 
end of indicator blade of 
company’s dead - weight 
thickness micrometer, per- 
mits direct readings of ten- 
thousandths of an inch from 
the one-thousandths dial 
graduations. Micrometer al- 
so features gravity-descent 
anvil and %” thickness ca- 
pacity. Uniform pressure is 
maintained at any point of 
anvil travel. E. J. Cady & 
Co. CIRCLE NO. 303 


Thermal Analyzer 
Employing a vacuum- 
pressure inert furnace in 
which single or multiple 
samples are heated, the 
thermal analyzer permits a 
wide variety of analyses, 
such as differential thermal 
analysis, pyrolysis, phase 
studies, synthesis, kinetics, 
melting point, etc. Applica- 
tions are almost unlimited, 
ranging from food process- 
ing to oceanography. Test- 
ing Equipment Sales Co. 
CIRCLE NO. 304 


L-C Meter 


Unique direct-reading in- 
strument provides continu- 
ous monitoring of induct- 
ance and capacitance from 
0 to 300 uh and 0 to 300 pf, 
respectively. It has 5 ranges 
and a +3.0% accuracy, 
which is maintained by re- 
sistance loads of 20k 
(shunt), 109 (series on “In- 
ductance”), and 0.1 M @Q 
(shunt on “Capacitance’’). 
Solartron Laboratory Inst. 
Ltd. CIRCLE NO. 305 


Pressure Regulator 


“Pilot Controlled” Regu- 
lator provides remote regu- 
lation of pressure in inac- 
cessible air lines. Using a 
column of controlled-pres- 
sure air instead of the usual 
adjusting screw and control 
spring, it permits more pre- 
cise pressure regulation, 
greater air-flow capacity, 
and easy line accessibility. 
Pressure settings can be 
made tamper-proof, Hanni- 
fin Co. CIRCLE NO. 306 


Particle Size Analyzer 


Self - contained particle 
counter, for research — or 
monitoring the airborne 
particles in clean rooms and 
precision manufacturing 
areas, presents immediate 
displays of the number of 
particles present in 15 sub- 
ranges of sizes from 0.32 to 
8.0 microns in diameter. 
Features include automatic 
programing and no lower 
limit for counting. Royco 
Instruments Inc. NO. 307 


Viscosity Lab 

Compact viscosity lab unit, 
featuring a sensing element 
that operates at up to 650°F 
and 1000 psi, permits an op- 
erator to select one of eight 
viscosity ranges by the flip 
of a switch. Measurements 
can be made in beakers or 
circulating systems. Samples 
can be changed easily; sens- 
ing elements are available 
in three types. Accuracy is 
better than +1.0% full 
scale for Newtonian liquids. 
Bendix Corp. NO. 308 
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Aen OSPACE 


CORPORATION 


present genuine challenge to scientists 


“To preserve our free institutions, it is 
absolutely essential that the United 
States find the most effective means of 
advancing the science and technology 
of space and also of applying them to 
military space systems. This is the mis- 
sion of Aerospace Corporation” 

IvAN A. GETTING 

PRESIDENT 


AEROSPACE CORPORATION 


In accomplishing its mission, this non- 
profit public service organization per- 
forms the unique role of space systems 
architect. Aerospace Corporation pro- 
vides scientific and technical leadership 
to the science/ industry team responsi- 
ble for developing complete space and 
ballistic missile systems on behalf of 
the United States Air Force. 


4 new and vital force 


and engineers of demonstrated competence 


Specific responsibilities of the new 
corporation include advanced systems 
analysis, research and experimentation, 
initial systems engineering, and gen- 
eral technical supervision of new 
systems through their critical phases. 


The broad charter of Aerospace 
Corporation offers its scientists and 
engineers more than the usual scope 
for creative expression and significant 
achievement, within a stimulating 
atmosphere of dedication to the public 
interest. 


Aerospace Corporation scientists 
and engineers are already engaged in a 
wide variety of specific systems proj- 
ects and forward research programs, 
under the leadership of scientist 
administrators including corporation 
president Dr. Ivan A. Getting, senior 
vice president Allen EF Donovan, and 
vice presidents Edward J. Barlow, 
William W. Drake, Jr., Jack H. Irving, 
and Chalmers W. Sherwin. 


Aerospace Corporation is currently 
seeking scientists and engineers capa- 
ble of meeting genuine challenge and 
with proven ability in the fields of: 


* Space booster project engineering 

* Spacecraft design and analysis 

+ Aerothermodynamics 

* High temperature chemistry 

* Nuclear rocket propulsion 

* Ion and plasma propulsion 

* Chemical propulsion 

* Inertial guidance 

* Space communication 

* Experimental physics 

* Theoretical physics 
Those qualified and experienced in 
these and related fields are urged to 
direct their resumes to: 


Mr. James M. Benning, Room _ 122, 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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new products 





Fast Particle Sizing 

a Paabtor Electronic counter  per- 
forms particle size distribu- 
tion faster and easier with 
high reproducibility. Par- 
ticle range extends from be- 
low 1 to above 200 microns. 
Unit is useful for foods, cer- 
amics, minerals, etc. Coulter 
Electronics. CIRCLE NO. 309 


Self-Testing Flux Amplifier 


Featuring wide range and freedom from drift, a new 
self-testing flux amplifier provides reactor power-level 
data for visual display, for recording or logging, control 
and shutdown, or scram operations. General Electric Co. 

CIRCLE NO. 310 


Extremely Accurate Potentiometer 


12 Readouts/Second 


Commutated (geen 
sampling system, a ae 
using 12 trans- ee ete i Pemex ed 
ducers as. sen- ns ‘ 
sors, provides . 2 2 ore . 
readouts ae 9000000000006 
any or a a: ee b 
consecutive __re- eoeeeseeeeeeee 
mote points. Vis- 
ual readout is through a digital display unit, and output 
from the unit is +10 volts dc. Measurement interval for 
each source is 1 to 2 sec, with a “fast step” switch pro- 
vided to increase this to 12 readouts/sec. Frequency 
response of the unit is down 3 db at 300 cps. Crescent 
Engineering & Research Co. CIRCLE NO. 312 


Tiny Blower 
A miniature d-c blower, smaller in diameter than a 
fifty-cent piece, is designed to move 10 cfm of air against 
0.3” HO back pressure. Typical use is for spot cooling of 
critical circuit components. Globe Industries, Inc. 
CIRCLE NO. 313 


Signal Generator 


Signal generator, designed 
to provide both f-m and un- 
modulated r-f signals, fea- 
tures complete flexibility 
through a wide range of fre- 
quencies. Wide range capa- 
bility (r-f output signals 
range from 20 to 120 Mc in 
five bands) permits the in- 
strument to be used for oscillator calibration, align- 
ment, stage-gain measurement, etc. Systems Inc. 
CIRCLE NO. 314 


Completely “self check- 
ing” d-c potentiometers, 
with 4 dials, 6 figures, 
and dual range, has an 
accuracy of +0.001% 
warranted for a period 
of 5 years. Initial adjust- 
ment is guaranteed to be 
within +0.0002% (2 
ppm). Thermal emf is less than 0.1 microvolt; resolu- 
tion is 0.1 microvolt. Sensitive Research Instrument 
CIRCLE NO. $11 
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<n be 
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The PRESSURE TRANSDUCER 
that dissipates HEAT to its CASE 
to defeat zero gruvity heat build-up 


There is a whole family of Teledyne and Teleflight Pressure Transducers 
available for airborne or ground support application. Naturally, our star 
in the missile and rocket field is our tiny 91% oz. Teleflight at the left. 
This Teleflight precisely measures liquid or gas pressures at 0.25% 
over a wide 0 to 2,000 PSIG or PSIA temperature range. Bonded strain 
gage construction assures low sensitivity to shock and vibration. When 
the Teleflight is subjected to zero gravity conditions (as in space flight 
where convection cooling is non-existent) the Ni-Span proving ring acts 
as a heat sink and conducts heat AWAY from the resistance gages to 
the instrument case. Handles corrosive media including fuming NITRIC 
ACID. With slight factory modifications, can also handle Fluorine. 200% 
overload protection built in at no extra cost. Infinite resolution, Linearity 
0.25%, Hysteresis 0.25%, Temperature —150° to +275° F., Repeat- 
ability within 0.1%. Taber also produces a complete line of miniature 
transistor amplifiers or will build complete Electronic Systems to your 


specifications. 


Seine RAM eee dee eee 


Write for I/lustrated Literature 


TABER INSTRUMENT CORPORATION 
“Where the Accent is on Accuracy & Feoliability” 
Section 241 107 Goundry St. 
North Tonawanda, N. Y. 

Telephone: NX 3-8900 e TWX-TON 277 


Easy to clean pres 
sure cavity during 
ground testing is 
reached by simply 
removing 12 screws 
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Wide Range Torque Tester 


A simple-to-operate, trouble-free, 
precision torque tester, based on the 
dead-weight principle, has ranges 
covering torques from as little as 0 
to 3 inch-pounds to as much as 0 to 
5500 inch-pounds. R. P. Gallien & 


Son. 


CIRCLE NO. 315 


Differential Pressures to 5000 psi 


5000 psi. Industrial Instrument Corp. 


Two high - differential 
pressure units, designed 
for service in the plastic, 
aircraft, and petro-chemi- 
cal industries, are avail- 
able as recorders, indica- 
tors, transmitters, control- 
lers, indicating switches, 
etc. Differential pressure 
ranges are 1000 psi and 
CIRCLE NO. 316 


“*Building-Block”” Manifold 


Pneumatic / hydraulic 
self-manifolding valve, ba- 
sically a 3-way, 2-position, 
N.C. or N.O., magnetic or 
manual -operated valve, 
can be used in a one-valve 
application or manifolded 
into any number of valves. 
Each valve has two in-line 
ports and a third port per- 
pendicular to the others; 


poppet is located centrally between ports. Operating 
pressure at all ports is 0-3000 psig; with special models 


0-6000 psig. Marotta Valve Corp. 


CIRCLE NO. $17 


Mercury-Manometer Contactor 


Vacuum-actuated con- 
trol switch uses a mer- 
cury manometer as a 
contacting device for 
over-pressure  protec- 
tion of pumps. When 
pressure falls (indicat- 
ing better vacuum), 
mercury column on the 
closed (left-hand) leg 
of the manometer falls 
also, exposing the con- 
tacts and initiating ac- 


tion. Range is 1 to 300 mm Hg. The Fredericks Co. 
CIRCLE NO. 318 


2000 Flow-Charts/Day 


“Electroscan- 
ner” electroni- 
cally processes 
all types of ori- 
fice flow charts. 
It scans 400 
times per chart; 
substitutes the 
digital value for 
the analog; in- 
tegrates the to- 


tals; and punches a card to show chart identification 
and totalized flow; processes 12-times more charts in an 
8-hour day than manually operated integrators. UGC 


Instruments. 


CIRCLE NO. 319 
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Now... heat-sensitive chart papers 
specially designed for high stylus 
speeds...sustained recordings... 
temperature and humidity extremes... 


Nashua’s new Heatrace* 
Chart Papers 


Nashua Corporation’s new Heatrace Chart Papers 
can help bring out the best in your hot stylus record- 
ers! These new chart papers offer you important 
advantages over conventional papers: 


Super-sensitivity to heat — Heatrace’s patented coat- 
ing activates instantaneously ... gives a sharply 
defined trace at high spot velocities, and with less 
stylus pressure. 

Precise recordings — Heatrace’s accuracy of line in 
the machine direction is better than +0.3%. Spool 
ing is controlled, too. Recording is uniform, accurate. 


Water-resistant coating — Heatrace is unaffected by 
moisture ... does not turn gray. Extremely stable. . . 
does not deteriorate ...can be stored indefinitely 
from —20°F to 160°F. 


Nashua’s new Heatrace Chart Papers are available 
in three basic types for industrial and medical appli- 
cations. Write today for more information. 








New from Nashua...an electro-sensitive 
chart paper... Electrace* 


New Electrace chart papers are designed for record- 
ing instruments that trace events or actions through 
electric impulses. This superior voltage-marking chart 
paper offers instantaneous response... high resolution 
... retrofit .. . long stylus life ... other important 
advantages. Write for full details. 








*Trade-mark 


nw ae) a ir 


Chart Paper Division, Nashua, New Hampshire 
CIRCLE NO. 87 ON PAGE 112 
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BENDIX 
VISCOMPARATOR® 


Provides precise, continuous 
viscosity control for fuel oil blending, 
asphalt cutback 


VISCOMPARATOR 


ONLY 
BENDIX 
OFFERS 
IT! 


REFERENCE SAMPLE 
(©) ae ©) ts) 4d Od 2) 


IN THERMOWELL 
DILUENT 


CONTROL 
VALVE 


The Bendix Viscomparator* is a highly efficient 
blending process control instrument. It provides 
continuous and accurate measurement and control 
of liquids to assure specification viscosity. 

A computer and control unit receive signal infor- 
mation from probes in the reference sample and 
the process sample. A recorder supplies visual indi- 
cation of viscosity agreement. When difference 
signals are received, the control unit automatically 
provides proportional, reset, and rate action to 
effect the desired control of the process variable. 

Temperature compensation is built into the 
Viscomparator’s design. The sensing element is 
rugged— withstanding up to 650°F. and 1,000 psi. 

The Viscomparator is ideally suited to fuel oil 
blending, asphalt cutback, and similar petroleum 
processing operations. With a Viscomparator 
Multipoint Unit, additional probes may be used 
for multiple-operation control. 

For complete information about this precise 
viscosity control system, write Dept. K11. 


*TRADEMARK 


Cincinnati Division Iya 


3130 WASSON ROAD, CINCINNATI, OHIO 


Export Sales and Service: Bendix International Division, 
205 East 42nd Street, New York 17, New York 


Canada: Computing Devices of Canada, Ltd., Box 508, Ottawa 4, Ontario 
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4 new products 


High-Voltage Tachometer 


Only about 3%” in overall body 
length, this new tachometer achieves a 
45-volt/1000 rpm output by using an in- 
creased armature length. Because this 
design keeps the inertia at a minimum, 
the unit is particularly applicable for 
industrial applications requiring a min- 
imum size and weight, without sacri- 
fice of reliability or service life. Servo- 
Tek Products Co. CIRCLE NO. 320 


High Pressure — Low Flow 


Hydraulic power supply 
combines high pressure (2000 
psi) and a relatively low flow 
(0.5 gpm) to fill an obvious 
commercial need. High pres- 
sure permits use of smaller 
pistons and control valves, 
thereby reducing the overall 
size of the control system. Sys- 
tem Analysis, Inc. NO. 321 


Controls Steel-Mill Rolling 


Electronic control system increases rolling-mill effi- 
ciency by permitting greater speed for longer periods 
while processing a coil of steel. It uses d-c tachometers 
and a magnetic-pickup pulse generator to provide an 
automatic signal for slowing down the high-speed pay- 
off reel. Personnel and equipment are protected as the 
tail-end of a strip is processed through the mill. Datex 
Corporation. CIRCLE NO. 322 


Positive Shut-Off Ball Valve 


Polyvinyl chloride ball valves, in 
sizes from % to 3”, assure positive 
shut-off at pressures to 125 psi with 
only % turn of the snap-on handle. 
Unobstructed design permits full 
flow with no pressure drop. Tem- 
perature limit is 140°F. Hoke, Inc. 

CIRCLE NO. 323 


Trouble-Shooting Mill Controls 


Memory-type fault detector features direct monitoring 
of actual circuits or contacts of a complicated mill- 
control system. The device, to be standard on all heavy- 
duty main mill controls and a recommended alternate 
on the auxiliary driver, will indicate any malfunctioning 
so that trouble-shooting is simple and direct. Circuit 
construction is simple for easy maintenance. Allis- 
Chalmers Mfg. Co. CIRCLE NO. 324 
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WANTED 


CONTINENTAL Opticar Company 


AM p 


= 


For complete information communicate in confidence with: 


YOUR COMPANY 
TO JOIN WITH US 
IN 
PINELLAS COUNTY 


Here’s one of the few areas in 
America where it is possible to 
attract personnel in every cate- 
gory without difficulty. 

Why? — No executive or em- 
ployee need be more than 15 
minutes away from home and gar- 
den, from fresh and salt water, 
fishing, bathing, boating, water 
skiing ...no more than 15 min- 
utes away from schools, churches, 
shopping centers, recreational 
and social activities. 

All this, plus a favorable busi- 
ness climate...and SUN-sational 
living all year, in this enchanting 
land of flora and fauna. 

Executive decisions, after exten- 
sive site location surveys in many 
areas of the nation, have resulted 
in major companies locating here. 
Their managements will gladly give 
you the result of their findings. 


NOTE: Persons seeking positions 


please write Florida State Employ- 


ment Service, 1004 First Avenue 
North, St. Petersburg. 


Clearwater 
Dunedin 
Gulfport 
Indian Rocks 
Largo 


GREATER ST.PETERSBURG - CLEARWATER INDUSTRY COUNCIL = Madeira Geach 


GREATER ST.PETERSBURG CHAMBER OF COMMERCE 


Pass-a-Grille Beach 
Pinellas Park 
Safety Harbor 


Jack Bryan, Industrial Director / Department ISA, St. Petersburg, Florida [i St. Petersburg 


St. Petersburg Beach 
Tarpon Springs 
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new products 





Thinnest Pressure Transducers 


Pressure transducers, the thinnest 
and most flexible available, are only 
0.035-inch thick and 1” x 1” in over- 
all size. They are hermetically sealed 
and respond only to normal forces. 
Range is from 15” Hg vacuum to 
100 psi. Units may be suspended or 
applied directly to the plane or 
curved surfaces. Spitz Labs., Inc 

CIRCLE NO. 325 


Shock Safety Switch 


Safety switch is designed to shut dowr. any equipment 
subject to destructive vibration or shor.k. Sensitivity is 
easy to adjust with a screwdriver while equipment is 
in operation, Frank W. Murphy Mfg. Inc. 

CIRCLE NO. 326 


connect with automatic 
locking is available in 3 
inum, or copper tubing; 
pipe lines; and rubber hose can be accommodated. One- 


Miniature Quick Disconnect 
Miniature quick dis- 
styles of end connections 
for instruments. Thin- 
wall plastic, brass, alum- 
hand automatic locking requires only a “push” action 
to connect or disconnect the lines; no turning or twist- 
ing is necessary. Perfecting Service Co. NO. 327 


Monitors Flame Quality 


Combustion indicator accur- 
ately monitors changes in 
flame characteristics caused by 
variations in gas fuel supply 
and air/gas mixture. Changes 
as small as 5 btu in fuel gas 
and +0.5% air in air/gas mix- 
ture can be detected in 5 sec- 
onds. Called the Qual-O-Rim- 
eter, this continuous-reading 
device is applicable wherever 
the heat-transfer rate must be 
maintained to meet exacting time-temperature cycles. 
Selas Corp. of America. CIRCLE NO. 328 


Air-Velocity Transducer 


Designed for accurate measurement of low-velocity 
air flow, this air-velocity transducer is available in 
deflection- or potentiometric-type readouts. It is usable 
in air temperatures from 20 to 150°F. Alnor Instrument 
Company. CIRCLE NO. $29 


Inexpensive Temperature Controller 


A remote, adjustable 
temperature controller 
for liquids, solids, and 
gases, will control in 
two standard ranges (0 
to 450 and 450 to 800° 
F). Accuracy is within 
+2°F, if the heated 
mass and power input 
are balanced properly. 
“Fail safe” feature is 
included. Electro-Flex 
Heat, Inc. NO. 330 








How A MERE RAY OF LIGHT 


Simplifies Complex Instrument Control Systems 


The New Peerless Master Controller Permits: 
@ Mixing of all voltages, in desired combinations 


® Combinations of controlling not 
possible heretofore 
@ Elimination of numerous relays normally used 


@ Simplification of the most difficult instrument 
problems for transfer, shut-down, or malfunc- 


tion operations, and indicating the function 
of control 
® Cross-over controlling, from one motor con- 
trol to other controls, with all controls and 
motors operating on different voltages 
@ The most economical instrumentation possible 
@ Utilizing all makes of instruments now 
being used 


Below — An illustration of schematic circuitry for cross-over and single light controlling. 


PILOT LIGHT VOLTAGES 
220- 110- 24 VOLTS 


PILOT LIGHT VOLTAGES 
220-110-24 VOLTS 


PILOT LIGHT VOLTAGES 


PILOT LIGHT VOLTAGES 
220- $ 220-110-24-@ VOLTS 


O-110- 24 VOLT 





a2 Be 


A typical standard panel 
for dual control. 


PUMP CONTROL 
440 VOLTS 
There has long been a need for a master controller to operate with 
other auxiliary controls to permit mixing of various motor voltages, 
control voltages, etc., for consolidating and unitizing control 
operations. 

The Peerless Master Controller fills this “missing link’ in instru- 
mentation and automation. For use in refineries, chemical plants, 
power plants, process control, assembly line operations, aircraft, 


PETROLEUM INSTRUMENT COMPANY - 
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PNEUMATIC CONTROL 
"0 VOLTS 


MAL-FUNCTION CONTROL 
24 VOLTS 


PROCESS CONTROL 
220 VOLTS 
boats and train controls and signaling, position indicators, automa- 

tion uses, etc. 
The Peerless Master Controller employs a new principle, that of 
a beam of light, to actuate all controls, regardless of voltage or cycle, 
in mixing controls and combinations of controls, for controlling all 
limits and malfunction operations and indicating the function. 
Write for literature. Your inquiries on control problems are wel- 
come without obligation. 


P. 0. Box 66252 e Houston 6, Texas 





One-Half Octave Filter 
j = A % octave filter, de- 
veloped for high-speed 
analysis of any complex 
spectra within the fre- 
quency range of 18 to 
108,500 cps, has 25 in- 
dependent = simultane- 
ously excited passive 
filters. Each filter is 
represented by a button on a keyboard. Applications 
include model jets and rockets, boundary-layer pressure 
fluctuations, and underwater sound phenomena. Western 
Electro-Acoustic Lab., Inc. CIRCLE NO. 331 
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Low Differential Travel 


Extremely _ sensitive 
subminiature switch is 
capable of maintaining 
differential travel with- 
in 0.001”. Designed for 
temperature or pres- 
sure control for mili- 
tary, electronic, or in- 
strument applications, 
the switch has a maxi- 
mum operating force of 
3% oz. Minneapolis-Honeywell Regulator Co. 

CIRCLE NO. 332 


10-kc Frequency Range 


The Ratio Bridge, de- 
signed for applications 
requiring a frequency 
range of 10 ke and high- 
er, combines a precision 
ratio transformer and an 
electrostatically shielded 
bridge transformer. 

Either can be used if desired. With an external null 

detector, the unit makes precision ratio measurements 

to 1.1111. Input impedance at 10 kc is 300 k ohms, and 

accuracy is as good as 0.0025%. Gertsch Products, Inc. 
CIRCLE NO. 333 


High-Temperature Seal 


A high-temperature dia- 
phragm seal, for measuring 
molten-metal pressures in 
nuclear power systems and 
other high-temperature ap- 
plications, permits accurate 
measurements at 400 psi and 
1450°F with negligible zero 
shift, drift, or induced error. 
Accuracy is within %% of 
scale range. Manning, Max- 
well & Moore, Inc. NO. 334 


Automatic Sampling 


This 12-position automatic valve 
can be used for gas sampling and 
sample feeding to gas chromato- 
graphs or mass_ spectrographs. 
Twelve intake ports are connected 
to a common vacuum chamber. A 
3-sec electrical pulse is necessary 
to move the valve from one po- 
sition to the next. On a standard 
model, the valve takes a total of 
10 sec to detent to new position. 
Gelman Instrument Co. NO. 335 


SY (HR 
3,500 different 


SOLENOID 
VALVES from 
VALCOR,, 


Series SV-54 


VAICOR 


SOLENOID VALVES 


Villon 


FREE...new 16 page brochure 
—lists over 500 corrosive 
media—coded for correct valve 
selection. 

For complete information on 
these or other models, write 
or call: 


VALCOR ENGINEERING CORP. 


5386 Carnegie Ave., Kenilworth, N. }. 
CHestnut 5-1665 
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COMPA 
AMBRIDGE INSTRUMENT 
c 


Cambridge Surface Pyrometers are 
light weight, portable instruments—accurate 
but rugged—for measuring temperature of 
mold cavities and flat surfaces, drier, calender 
and mill rolls, and plastic batches and extru- 
sions. Write for Bulletin 194-SR; 33 illustra- 
tions, many applications. 


CAMBRIDGE INSTRUMENT CO., INC. 
1662 Graybar Bldg., 420 Lex. Ave., N.Y. 17, N.Y. 


PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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PRECISE SHAFT POSITIONING EASY 





WITH GURLEY RESOLVER TEST STAND 


The new Gurley Resolver Test Stand solves the 
long-standing need for a reliable instrument in 
production tests of resolvers, synchros, potentiom- 
eters and other such equipment. 

The Gurley Model 7530 test stand is a precision 
shaft-positioning device, consisting of an optical 
coincidence reading system with + 2 second accu- 
racy, a rack and gear for precise shaft positioning, 
and an adaptor plate and coupling. 

For an illustrated bulletin, write on your letter- 
head to Industrial Division, W. & L. E. Gurley, 526 
Fulton Street, Troy, N. Y. 


W.& L. E. GURLEY 
TROY, N. Y. 
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4 new products 


Damage-Proof AP Gage 


Damage -proof differential 
pressure gages, in 2% and 6” 
dial sizes, can withstand full 
line pressure in either direc- 
tion. Full-scale differentials are 
10 and 15” H2O. Hysteresis is 
less than 0.3%. Full protection 
for the sensitive diaphragm is 
contained completely within 
the instrument. National In- 
strument Labs., Inc. NO. 336 


Accuracy to +0.00001” 


Super precision dial indicator, 
designed for extreme precision in- 
spection or laboratory-standards 
work, has a total range accuracy 
of +0.00001”. Features include 
jeweled bearings and a total range 
of 0.003”. Widely spaced gradua- 
tions read in 0.0005”; dial reading 
is 0.0015-0-0.0015. L. S. Starrett Co. 

CIRCLE NO. 337 


Frequency-to-Analog 


A frequency-to-analog converter features variable, 
selectable time constants and 0.1% accuracy at fre- 
quencies up to 10 kc. Two models provide 10 V or 1 V 
outputs. Input impedance is 30,000 ohms nominal. Potter 
Aeronautical. CIRCLE NO. 338 


Only One Moving Part 


Differential-pressure  dia- 
phragm - control manifold 
valve — with only one mov- 
ing part — features fast re- 
sponse, quiet operation, self- 
cleaning, and no packing. Top 
(control) portion of the valve 
accepts air, water, steam, hy- 
draulic fluid, or inert gas. A 
bottom (working) side can 
handle water, steam, water- 
soluble oils, lubricating oils, slurries, hydraulic fluids, 
and gas. Frankel Engineering Labs., Inc. NO. 339 


~t 
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Easily Maintained Amplifier 
Ideally suited for unattended 
microwave stations, this travel- 
ing wave tube operates as 
a broad-band amplifier in the 
4400 to 5000 Mc range and is 
guaranteed for a minimum life 
of 6,000 hours. Mount and tube 
are so designed that input and 
output circuits remain matched 
when a new tube is inserted 
Operating voltages need no adjustment when new tubes 
are inserted; and for more than 80% of the tubes, no 
focus adjustment will be needed. Amperex Electronic 
Corporation. CIRCLE NO. 340 





Said Gaspard de Coriolis: “A particle which is subject to no forces in a rotating coordinate 
system experiences a radial acceleration and a tangential acceleration.” 


it was around 1840 that Coriolis discovered what has since become known as the Coriolis Effect. He noticed objects above 
the earth tend to rotate relative to the earth's rotation . .. to the right in the northern hemisphere, to the left in the southern. 

The Coriolis Effect is in force in outer space, too. If a space vehicle is rotated in order to establish artificial gravity, the 
necessarily short radius of the rotation causes a Coriolis force. This creates orientation problems for a human occupant. 
To eliminate this difficulty, a scientist at Lockheed Missiles and Space Division conceived the idea of connecting the vehicle 
to an auxiliary fuel tank by a half-mile-long cable. Thus, if the whole system is then rotated at a reduced speed around its 
center of mass gravity, the longer radius greatly minimizes the Coriolis force. Right now—on the drawing boards at Lockheed 
—is an enormously advanced space vehicle system which utilizes this concept, in addition to many others. 

Fortunately, natural laws are about the only restrictions which circumscribe scientists and engineers at Lockheed Missiles 
and Space Division. The climate in Sunnyvale and Palo Alto, on the San Francisco Peninsula, is close to perfection. The 
creative atmosphere—the opportunity to work on such important projects as the DISCOVERER and MIDAS satellites, the 
POLARIS FBM, Or even more advanced concepts such as the space system cited above—is the dream of the creative engineer. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-11F , 962 West El 
Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


/ 
Lockheed / MISSILES AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE. PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA, CALIFORNIA® CAPE CANAVERAL, FLORIDA®* HAWAII 


February 1961, Vol. 8, No. 2 93 





John Dunn 


A. Scott Hazel 
Electro-Mect r Peabody Engr 


Corp 


Electro-Mech A. Scott Hazel 
(photo), New Jersey Section mem- 
ber, has been appointed general 
sales manager. 


DeVry Tech . . . Joseph J. Gershon, 
Chicago Section member and Direc- 
tor of DeVry’s Resident School, has 
been elected president for the 1961 
National Electronic Conference to 
be held Oct. 9-11 in Chicago. 


Peabody Engineering... New Jersey 
Section member, John Dunn (photo), 
has been named manager of market- 
ing and technical services division. 


General Atronics Walter H. 
Chudleigh, Jr. has been appointed 
vice president of the firm’s subsi- 
diary, Atronic Products Inc. 


ABN Industries ... Alan O. Mann 
has joined the company as market- 
ing vice president. He was formerly 
director of European computer mar- 
keting for Philco. 


Melpar ... Dr. Eric A. Walker, pres- 
ident, Pennsylvania State Univer- 
sity, has been elected to the Board 
of directors ... named to the newly 
created post of vice president, ad- 
vanced development, is R. E. Miller. 


Perkin-Elmer . . . Eugene L. Wood- 
cock has been appointed to the senior 
technical staff, electro-optical divi- 
sion, where he will be responsible 
for the development of infrared sys- 
tems. 


IBM ... promoted to vice president 
of the general products division, In- 
ternational IBM, is John W. Haan- 
stra, formerly assistant general man- 
ager. 


Conoflow ... George J. Baker and 
Thomas Testa, New Jersey Section, 
have been appointed sales engineers 
working out of the company’s New 
York district office. 
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Lear, Inc. .. . former director of the 
international division, H. J. Downes, 
has been elected vice president and 
division general manager. 


Texas Instruments Robert C. 
Dunlap, Jr. has been elected a vice 
president following the resignation 
of Fred J. Agnich .. . Elby Martin 
has been named marketing manager, 
advanced techonologies, central staff 
marketing . .. William H. Berno and 
Leonard E. Gilmore have been ap- 
pointed field sales engineers for the 
geosciences and instrumentation di- 
vision’s instrumentation group. 


TRW Computers... director of mar- 
keting for the industrial control 
computer division is Los Angeles 
Section-man, Dan L. McGurk 
(photo). 


Thomas Waldrop Dan L. McGurk 
Daystror r TRW Computers Co 


( 


Daystrom ... Harold Russell (pho- 
to), Philadelphia Section, has been 
appointed general sales manager of 
the company’s Weston Instruments 
Division .. . Atlanta Section mem- 
ber, Thomas Waldrop (photo), has 
been promoted to sales manager of 
the Control Systems Division. 


Robertshaw-Fulton ... new vice 
president of Western operations is 
Alton W. Beck, formerly vice presi- 
dent of marketing. 


Computer Control Co... . appointed 
assistant marketing manager of the 
Western Division is Sidney Halligan. 


MicroSemiconductor Corp ... Dr. 
Thomas C. Hall is vice president for 
research and development of the 
newly organized firm. 


Datex . general sales manager, 
Michael J. Joncich, has been elected 
vice president of the firm . . . Jack 
C. Monroe is the new chief applica- 
tions engineer . . . joining the com- 
pany as development engineer is 
Mark Rosen. 


Clary Corp. .. . special design engi- 
neer for computer and electronic 
data processing products is the new 
title of Hans-Joachim Kunzke, form- 
er head of the computer develop- 
ment program of Olympia, a German 
manufacturing company. 


Beckman Instruments .. . filling the 
newly-created post of Eastern con- 
tracts manager is Jack Dubin. 


Dictograph .. . former president and 
chief engineer of Bellaire Electron- 
ics, Harold H. Beizer, has been ap- 
pointed to the newly-created post of 
vice president in charge of manu- 
facturing and engineering. Control- 
ling interest in Bellaire was ac- 
quired recently by Dictograph. 


Ford Foundation .. . elected to the 
board of trustees was S. D. Bechtel, 
chairman of Betchel Corp. 


Motorola Dr. J. Trevor Law, 
former member of the _ technical 
staff, Bell Telephone Laboratories, 
has been named senior engineer, ma- 
terials department, semiconductor 
products division. 


PRL Electronics . .. Robert M. Schl- 
enker has been appointed to the post 
of vice president. 


American Research & Development 
Corp. ... Dr. Hector R, Skifter, pres- 
ident of Airborne Instruments and 
also vice president and director of 
Cutler-Hammer, has been elected to 
the board of directors of AR&D. 


Schaevitz Engineering . . . director 
of marketing for the company and 
its subsidiaries is Burton F. Drill 
(photo). 


Harold L. Russell 


Burton F. Drill 
Schaevitz Weston/Daystrom, Inc 


z Engineering 


Fairbanks, Morse & Co. .. . Thomas 
G. Lanphier, Jr., has been elected 
president of the company, the larg- 
est manufacturing component of 
Fairbanks Whitney Corp. 


(Please Turn to Page 96) 





ISA St. Louis Conference 
Preprints Available 


Individual copies of technical papers presented at ISA Winter Instrument- 
Automation Conference and Exhibit, St. Louis, Mo., January 17-19, 1961. 


Biomedical Instrumentation as Applied to 
the Astronauts and Primates of Project 
Mercury (1-SL61) by Earl J. Brown, Mc- 
Donnell Aircraft Corp., St. Louis, Mo. 


An Instrument System for Measuring To- 
tal Energy Metabolism and Related Phe- 
nomena in Humans (2-SL61) by Doctors 
R. H. Thompson, E. R. Buskirk and G. D. 
Whedon, National Institute of Arthritis & 
Metabolic Diseases, National Institutes of 
Health, Bethesda, Md. 


Artificial Heart—Preliminary Studies (3- 
SL61) by Dr. William J. Fry, Dr. Francis 
J. Fry, and Reginald C. Eggleton, Inter- 
science Research Corp., Champaign, III. 


A Constant Current 100 Cycle Stimulator 
(4-SL61) by George I. Johnston, and John 
G. Roth, M.D., University of Oregon Med- 
ical School, Portland, Oregon 


Instrumentation for an Equipment Test- 
ing and Quality Control Program in a 
Medical Research Facility (5-SL61) by 
Harry Stierli, Division of Research Serv- 
ices, National Institutes of Health, Beth- 
esda, Md 


A Portable Flow Rate Transfer Standard 
(6-SL61) by Ralph P. Bowen, Navy Pri- 
mary Standards Laboratory, Pensacola, 


Fila. 


Instrumentation and Automation of Rotary 
Cement Kilns (7-SL61) by J. C. Andrews, 
Ideal Cement Co., Denver National Bldg., 
Denver, Colo 


Instrumentation and Automatic Control 
Techniques as Applied (8-SL61) by John 
P. Puckett, Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia 44, Pa. 


Meters and Controls for Automated Op- 
eration of Rotary Kilns (9-SL61) by H. W 
Hilker, Bailey Meter Co., 816 S. Atlantic 
Blivd., Monterey Park, Calif. 


Design of a Central Data Acquisition Sys- 
tem (12-SL61) by E. J. Kovalcik, Allison 
Div., Genera! Motors Corp., Indianapolis, 
Ind 


Automating Quality Control Methods with 
On-Line Computers (13-SL61) by Jack L. 
Carlson, Librascope Div., General Pre- 
cision, Inc., 100 E. Tujunga Ave., Burbank, 
Calif 


Automation of a Photogrammetric Process 
(14-SL61) by Q. S. Johnson, Union Instru- 
ment Corp., Plainfield, N.J 


The Transponder—a New Concept in Low 
Level Data Acquisition (15-SL61) by Vin- 
cent A. van Praag, William S‘anke, and 
David Van Mindeno, Electro-Logic Corp., 
Venice, Calif 


The Technical Library as a Tool of Engi- 
neering (16-SL6i1) by Harold S. Sharp, AC 
Spark Plug Division, General Motors 
Corp., Milwaukee, Wis. 


Comparison of Gas Flow Formulas for 
Control Valve Sizing (17-SL61) by Ralph 
Turnquist, Kansas State University, Man- 
hattan, Kansas 


Some On-Line Applications of X-Ray 
Fluorescence Spectrometry (18-SL61) by 
A. E. Bernhard, Applied Research Labora- 
tories, Inc., P. O. Box 1710, Glendale 5 
Calif 


Continuous Analysis by Flame Photometry 
(19-SL61) by Lawrence E. Maley, Waters 
Associates, Framingham, Mass 


Optical Absorption Metheds for Continu- 
ous Analysis (20-SL61) by Robert L. Chap- 
man, Beckman Instruments, Inc., 2500 Ful- 
lerton Road, Fullerton, Calif 


An Over-All Look at Optical Methods of 
Process Stream Analysis (21-SL61) by Dr 
Ralph H. Munch, Monsanto Chemical Co 
St. Louis, Mo 


Automatic Call-In System for Standards 
(22-SL61) by William R. Holmes, Convair- 
San Diego, A Division of General Dy- 
namics Corp., San Diego 12, Calif 


A New Approach to Bridge Sensitivity 
(23-SL61) by Jack C. Riley, Electro Sci- 
entific Industries, Inc., 7524 S. W. Ma- 
cadam Ave., Portland 19, Oregon 


Valve Positioner Design by Dynamic An- 
alysis (24-SL61) by Charles B. Schuder, 
Fisher Governor Co., Marshalltown, Iowa 


Application of Harmonic Drive to Hermet- 
ically-Sealed Valve Operators (25-SL61) 
by Bernard G. E. Stiff, Atomic Power 
Department, United Shoe Machinery Corp 
Beverly, Mass 


Pneumatic Actuator Characteristics (26- 
SL61) by Orval P. Lovett, Jr., E. I. du 
Pont de Nemours & Co., Inc., Wilmington 
Del 


Systems Optimization (28-SL61) by Carl- 
ton C. Homan, Jr., El Paso Natural Gas 
Co., El Paso, Texas 


What Comes After Data Logging (29-SL61) 
by George H. Beck, Williams Brothers 
Co., 326 National Bank of Tulsa Bidg., 
Tuisa 3, Okla 


Galvanometer Isolation Pier (31-SL61) by 
L. T. Wilson and L. H. Bressan, Sandia 
Corp., Albuquerque, New Mexico 


Characteristics and Applications of a 
Semiconductor Strain Gage (35-SL61) by 
Dr. M. A. Xavier and C. O. Vogt, Century 
Electronics & Instruments, Inc., Tulsa 
Okla. 


Recent Developments in Flexible Silicon 
Strain Gages (37-SL61) by J. C. Sanchez, 
Micro Systems, Inc., San Gabriel, Calif., 
and W. V. Wright, Electro-Optical Sys- 
tems, Inc., Pasadena, Calif 


Control Systems in a Batch Synthetic Rub- 
ber Plant (38-SL61) by Fred A. Mauger 
Naugatuck Chemical Division, U. S. Rub- 
ber Co., Naugatuck, Conn 


A Programmer for Batch Processing (39- 
SL61) by Forrest E. Head, Organic Chem- 
icals Division, Monsanto Chemical Co 
1700 S. 2nd St., St. Louis 77, Mo 


A Process Recording Differential Refrac- 
tometer (40-SL61) by Leslie W. Bell, Jr 
Mine Safety Appliances Co., 201 N. Brad- 
dock Ave., Pittsburgh 8, Pa 


Leasing versus Purchase for Pipe Line 
Automation Equipment (42-SL61) by D 
Hailey Walcott, United States Leasing 
Corp., 120 S. LaSalle St., Chicago 3, Ill 


Automatic Programmed Control for Multi- 
ple Ram Load System (46-SL61) by Bruce 
A. Arnold, Convair Division, General Dy- 
namics Corp., Fort Worth, Texas 


An Experiment to Determine the Effect 
of Meteorites on Reflecting Surfaces (47- 
SL61) by Dr. P. E. Stanley, Purdue Uni- 
versity, Lafayette, Ind., and R. B. Mc- 
Clure, Allison Div., GMC, Jet Engines & 
Space Power, Indianapolis, Ind 


Experiences Obtained in Developing & 
Operating Scientific Information Centers 
(48-SL61) by G. S. Simpson, Jr., and John 
W. Murdock, Battelle Memorial Institute 
505 King Ave., Columbus, Ohio 


Automatic Frequency Tuned Wave Ana- 
lyzer (52-SL61) by Laurie R. Burrow, Jr 
Convair Instruments, A Division of Gen- 
eral Dynamics Corp., 3595 Frontier St., San 
Diego 10, Calif 


ISA Member Price 50¢ — Non-member 75¢ — (Special Discount Prices for Quantity Orders) 


Order by Paper Number with check, money order, or company purchase order from: Publications Department 


INSTRUMENT SOCIETY of AMERICA 


313 Sixth Avenue e Pittsburgh 22, Pennsylvania 
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Cob} Balancing 
INDICATOR- 
CONTROLLER 


Type RI 





For Measurement of | 
Electrolytic Conductivity | 


Re 


@ 


A COMPACT, self-balancing instru- 
ment, the RI Indicator-Controller is 
used for the measurement and con- 
trol of solution concentrations in 
industrial processes not requiring 
recording. The exceptional flexibil- 
ity of the instrument permits its 
use for any measurement of electro- 
lytic conductivity from the very 
highest resistance of pure water 
and condensed steam to the low 
resistance of concentrated solu- 
tions of acids, alkalis and salts. 


FEATURES: 

@ True AC Wheatstone Bridge. 

@ Large easily read scales 

@ Plug-ins for automatic or manual 
temperature compensation 

@ Self-balancing, responds immediately 
to any change in solution conduc- 
tivity 

@ Available as a multi-range instrument 
for laboratory use, replacing manual 
balance bridges. 

@ Many types of control accessories 
available. 


Industrial Write for 
detailed literature 





Industrial 
Instrumenss inc 


Instruments 


Commerce Road. Cedar Grove. Essex County N. J 
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(Personalities, from Page 94) 
Textron Electronics ... William D. 
Kelley has joined the Allegany In- 
strument Company division as tech- 
nical director. 


Telecomputing Corp... . Richard L. 
Shelton will‘direct operations for 
the firm’s Whittaker Gyro division. 


Consolidated Systems . former 
manager of quality assurance, John 
B. Mandle has been promoted to 
assistant director of operations. He 
is a member of the Los Angeles Sec- 
tion. 


Gresham Automation T. E. 
Greenfield is the new sales develop- 
ment manager, industrial process 
control division. 


Atlantic Research Corp. . . . Stuart 
L. Bailey has been elected a vice 
president. He was formerly presi- 
dent of the firm of Jansky & Bailey, 
acquired in 1959 by Atlantic Re- 
search, 


Stromberg-Carlson . George J. 
Dickey, has been appointed vice 
president and assistant general man- 
ager ... vice president in charge of 
research will be Dr. Nisson A, Fink- 
elstein .. . L. H. Orpin is the new 
general manager of S-C—San Diego 

. within the same facility, H. W. 
Grossbohlin will take over as man- 
ager of a recently formed tube prod- 
ucts group ...C. R. Fisher has been 
named manager of product engi- 
neering, telecommunication division. 


Indiana General Corp... . Portus M. 
Wheeler has been appointed vice- 
president and general manager of 
the steel products division. 


Precision Circuits ... Bernard Reich 
has been named president, Molecular 
Electronics, wholly-owned subsidiary 
of PCI... W. R. Orloff has joined 
the firm as staff physicist. 


MicroGee . . . former vice-president 
B. W. McFadden, has been elected 
president, following the company’s 
recent association with Menasco 
Manufacturing Co. David S. York 
and Bela Losmany are vice presi- 
dents. E. A. Scott is secretary- treas- 
urer. 


MacLeod Instrument Corp... . new 
vice president of engineering is 
James B. O’Maley, formerly associ- 
ated with Kollsman Instrument 
Corp. 


Radiation, Inc. .. . heading the com- 
pany’s newly formed subsidiary, Ra- 
diation at Stanford, Palo Alto, will 
be Albert J. Morris. 


GE ...new manager of marketing at 
the company’s instrument depart- 
ment will be Arthur G. Woodside, 
former manager, aircraft instrument 
product section. 


North Atlantic Industries . . . named 
Western Regional Sales Manager 
was Philip Greenstein, in one of a 
series of staff expansions due to in- 
creased activity in the electronics 
instrument field. 


RCA ... D. L. Nettleton, who as- 
sisted in the design of the first RCA 
computing system, has been named 
chief engineer, electronic data proc- 
essing division. 


DECO ... named chief staff scientist, 
Boston Division, is Dr. Wilbur B. 
Davenport, Jr., who is also professor 
of electrical engineering, M.I.T. 


MetroLonics, Inc. . . . two new ap- 
pointments to the executive staff 
include Thomas G. Utley, Vice 
President and General Manager, and 
Joseph S. Meyer, Vice President, 
Marketing. 


Scientific Instrument Manufacturer’s 
Assoc. . . . E. B. Thompson, sales 
manager, EKCO Electronics, has 
been elected chairman, Nucleonics 
Group. 


Philco . . the post of Manager, 
Microwave Department has been 
awarded to E. Gonzalez-Correa. 
James R. Weiner has been named 
Vice President of Engineering, Gov- 
ernment and Industrial Group. 


Bendix .. . General Manager of the 
Pacific Division will be David H. 
Brown, Assistant General Manager 
of the Division since 1955. 


Bissett-Berman Corp. . . . George K. 
Tajima, has been appointed Direct- 
or, Information Equipment Labora- 
tory. Dr. Millard F. Gordon is the 
new Director, Signal Sciences Lab- 
oratory. 


Laboratory for Electronics ... new 
posts at the recently established 
Monterey Laboratory of the Boston- 
based firm include: Harold E. Kren, 
Manager; Donald F. Criley, Man- 
ager, Computer Systems Group, and 
Benjamin L. Schwartz, Manager, 
Systems Analysis Group. 


Electro-Optical Systems . . . named 
Vice President was Dr. William V. 
Wright, also Manager of the Solid 
State Division. 


Syntron Co... . Robert P. Muldoon 
of the Semiconductor Division, has 
been accepted to membership on 
the JS-1 Committee of the Joint 
Electronic Devices Engineering 
Council (JEDEC). 


American Electronics . . . three new 
executive appointments in the In- 
strument Division include Stanley 
J. Rado, Assistant General Manager, 
Operations; Richard J. Kuokol, Chief 
Engineer, Components Section, and 
Albert S. Izuel, Assistant Manager, 
Customer Relations. 





New Abstract 
Services Offered 


The Lowry-Preston Technical Ab- 
stracts Company, 914 Chicago Ave., 
Evanston, Ill., is now offering ab- 
stract services in the fields of in- 
strumentation and gas chromatog- 
raphy. The abstracts are furnished 
on 5” x 8” Unisort punched cards. 
An orderly classification system is 
provided for filing the abstracts to 
facilitate the retrieval of any de- 
sired information. 


The Instrumentation Abstract 
Service covers both laboratory and 
plant instrumentation, particularly 
involving chemical and electronic 
mechanisms. Approximately 50 ab- 
stracts are published per week. They 
are classified into six groups: 


A. 1. Temperature; 2. Pressure; 3. Flow; 
4. Level. 


B. 1. Composition; 2. pH and Oxidation- 
Reduction Potential. 


>. 1. Calorific Value, Combustible Content, 
Explosibility; 2. Density and Specific 
Gravity; 3. Viscosity and Consistency; 
4. Moisture Content. 


D. 1. Length; 2. Weight; 3. Thickness and 
Displacement; 4. Force, Tension and 
Compression; 5. Velocity, Acceleration 
and Motion. 


1. Optical Properties; 2. Radioactivity. 


F. Basic Information: 1. Circuits, includ- 
ing Amplifiers, Electrometers, Power 
Supplies, etc.; 2. Components Common 
to Many or All Instruments; 3. Timers, 
Timing Circuits and Program Timers; 
4. Data Handling Equipment, including 
Computers when Associated with aa 
Instrument System; 5. Control Theory; 
6. General Articles on Instrumentation, 
including a Limited Number of News 
Items. 


Subscription for the six-part com- 
plete service is $40 per month or 
$480 per year; each single group is 
$10 per month. 


The Gas Chromatography Astract- 
ing Service provides abstracts of the 
world literature in this field. The 
service aims to abstract immediately 
after publication all journal articles 
and books on gas chromatography. 
In addition, papers presented at 
technical meetings are abstracted. 


Abstracting is done by chemists, 
most of whom hold advanced de- 
grees and have had professional li- 
brary experience. Approximately 25 
abstracts are sent out each week. 


Subscription price is $20 per 
month or $240 per year for one 
copy of each abstract, and $5 per 
month or $60 per year each for not 
more than two additional copies 
sent to the same address. Academic 
institutions or persons holding aca- 
demic positions may subscribe at the 
reduced rate of $10 per month. 











HOW T0 
GET AHEAD 
ON THE JOB? 


Be sharp. Keep informed of the latest 
developmentsand techniques. Today’s 
innovations soon are replaced by to- 
morrow’s achievements. 


Shun new ideas and advancements. 
Nothing ever really changes. 


Marry the boss’s daughter. Let some- 
body else do the worrying.* 


simple quiz . . . and obviously not difficult to answer. For the 
successful man to move ahead on the job, advance in his 
profession, he must stay current. The need to Iznow impels him 
to stay informed @ And what better way of keeping abreast of the latest 
developments in instrumentation than through membership in the 
Instrument Society of America, the only internationally recognized 
Society completely devoted to advancing this dynamic technology. 
Through conferences and symposia; clinics and workshops, educa- 
tional programs, training aids, exhibits and through various society 
publications an ISA member is able to further his own knowledge 
of instrumentation. He can also contribute profitably to his company’s 
use of modern techniques of measurement, data processing and com- 
putation, control and systems engineering @ How to get ahead on your 
job? Easy. Become a member of ISA, fastest growing society in the 
country today. 
*Statistics show that the average boss has only 1.2 daughters. Frankly, the 
odds are against you here. 


ANNUAL DUES... 


Senior Member and Member $12.00 
Associate Member . 7.50 
Student Member p'kka eo ee 


Membership includes free subscription to JSA Journal, 
official publication of the Society .. . first in instru- 
mentation, automatic control and systems news and 
editorials. 


INSTRUMENT SOCIETY of AMERICA 


ne ane ae ee 
I 313 Sixth Avenue, Pittsburgh 22, Pa. 


I want to advance in my profession. Please send me your free 
booklet, ‘““Your Place In Instrumentation” and a Membership 
Application Form. 

NAME 
ADDRESS 
CITY ZONE STATE 


ho ap an Ge Ge ae Ge om am ae Os UD Gb ee ee Ge ee 
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Morehouse 
PROVING RINGS 


FOR ACCURATE 
LOAD CALIBRATIONS 
TODAY, TOMORROW 
ETC. | 

ETC. 

ETC. 

ETC. 


Not just accuracy, but sustained 
accuracy makes the Morehouse 
Proving Ring the accepted stand- 
ard of force measurement. Once 
calibrated by the National Bureau 
of Standards, it is unsurpassed 
in dependable repeatability. The 
basic simplicity of its design 
assures retention of initial accu- 
racy — “o of 1% — over long 
periods of time. For full details, 
write for “The ABCs of ACCU- 
RACY.” 


NEW UNIVERSAL 
CALIBRATING MACHINE 


Designed to best 
utilize the pre- 
cision of the 
proving ring in 
the calibration 
of both com- 
pression and 
tension-type 
load cells. The 
new model fea- 
tures an adjust- 
able yoke and a 
two-speed pre- 
cision jack for 
easier operation. 
For details, 
write for Bulle- 
tin 193. 


MOREHOUSE 
MACHINE COMPANY 


1742 Sixth Ave. «+ York, Pa 
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GOVERNMENT PUBLICATIONS 


New Navy Procedures for Measurement Standards 


The Bureau of Naval Weapons has 
just completed preparation of a se- 
ries of 23 booklets covering standard 
procedures for use of laboratory test 
and calibration instruments. The 
series is called Standards Laboratory 
Procedure, and is expected to even- 
tually contain more than 300 indi- 
vidual standards. 

Copies of these first 23 procedures 
are now available: individual copies 
are 50¢ each; one copy each of the 
23 booklets may be purchased as a 
group for $11.50. The number and 
subject of each issue is indicated 
below. Please order by Standard 
Laboratory Procedure and number 
rom: Office of Technical Services, 
U.S. Dept. of Commerce, Washing- 
ton 25, D.C. 


Instrument Calibration Procedure 


PB 171 209 A-C/D-C Voltage Instruments, 
10-1000 v Full Scale 

PB 171 210 D-C Current Instruments, 1.0 
to 200 amps Full Scale 

PB 171 211 Decade Kesistors, 0.1 to 100,000 
ohms Per Step (Using L&N 
4232-Al Bridge) 

PB 171 217 D-C Voltage Instruments, 15- 
1000 v Full Scale 

PB 171 218 D-C Voltage Instruments, 1- 
1500 mv Full Scale 


Cross-Check Procedure 


PB 171 200 Standard Resistors, NBS Type, 
1 ohm to 100,000 ohms (Using 
L&N 4232-Al Bridge) 


PB 171 201 Standard Inductors, 100 uH 
to 10H, General Radio 1482 Se- 
ries (Using GR 1632 A Bridge) 


Measurement System 
Operation Procedure 


PB 171 202 Mass In Air, 1 gram to 30 
kilograms, Direct Weighing 
Method 
Force 0 to 60,000 Ibs. (Ap- 
prox.), Tension Only 
Voltage Standing Wave Ratio, 
X-Band, (8.20 to 102.40 kmc), 
1.01:1 to 10:1 
D-C Resistance, 0.00001 to 
ohm 
D-C Resistance, 0.1 ohm 
100 megohms 
D-C Resistance, 10 ohms 
1,000,000 megohms 
Inductance, 1.0 uH to 10 £ 
Direct Method 
A-C and D-C Voltage, 10 
1000 v 
A-C Voltage, 0.0001 to 800 
60 cps 
D-C Voltage, 1.02 to 1000 v 
D-C Voltage, 0 to 1000 v 
Frequency Response to 10 cps 
to 10 meps, 0.5 mv to 5.2 v and 
A-C Voltage Calibration DC 
to 10 meps 0.1 to 5.2 v 
Capacitance, 0.1 to 1050 uuF, 
Direct Substitution Method 
Capacitance, 1 to 1050 uuF, 
Substitution Method, 1 mcps 
Capacitance, 100 uuF to 1 uF, 
Direct Method 
Capacitance, 100 to 1150 uuF, 
Direct Method, 1 mcps 


NEW BOOKS 





SAMA-ABMA Recommended Stand- 
ard Instrument Connections (re- 
vision of General Recommenda- 
tions for Location of Instrument & 
Control Equipment Connections 
for Power Boilers); $3.00. (Order 
from Recorder-Controller Section, 
Scientific Apparatus Makers As- 
sociation, 370 Lexington Ave., New 
York 17, N.Y.) 


Strain Gage Techniques; W. M. Mur- 
ray and P. K. Stein; 669 pp., $13.00. 
(Order from Society for Experi- 
mental Stress Analysis, P. O. Box 
275, Saugatuck Station, Westport, 
Connecticut.) 


Inertial Guidance; Charles S. Draper, 


Walter Wrigley, and John Hovor- 
ka; 130 pp., $6.50. (Order from 
Pergamon Press Inc., 122 E. 55th 
St., New York 22, N.Y.) 


Thermoelectricity, (Including the 
Proceedings of the Conference on 
Thermoelectricity, Sponsored by 
Naval Research Laboratory, Sept. 
1958); Editor, Paul H. Egli; 407 pp., 
$10.00 (Order from John Wiley & 
Sons, 440 4th Ave., New York 16, 
New York.) 


Hydromagnetic Channel Flows; 
Lawson P. Harris; 90 pp., $2.75. 
(Order from John Wiley & Sons, 
440 4th Ave., New York 16, N.Y.) 


Fundamentals of Electronics, E. 
Norman Lurch; 631 pp., $8.25. 
(Order from John Wiley & Sons, 
440 4th Ave., New York 16, N.Y.) 


Laplace Transformation; William T. 
Thomson; 255 pp., $10.00. (Order 
from Prentice-Hall, Englewood 
Cliffs, N.J.) 





NEW ISA PINS 
NOW AVAILABLE 


Attractively designed pins sig- 
nify various grades of member- 
ship in ISA 
SENIOR 
FELLOW 


MEMBER 


Let your associates (and your 
boss) know you're a member of 
ISA, the only society devoted to 
furthering instrumentation. 


These handsome pins are gold- 
plated with white center . . . out- 
er edge either red, blue or gold 

. clip easily to lapel. 


or, as a tie clasp with chain 
(in gold only). 


[] Please send me ISA pin for $2.00 
[] Blue [] Red [] Gold 


[j Please send me !SA tie tack for | 
3.00 


] Blue [] Red 0 


| 
] Gold | 
| 


[] Please send me ISA tie clasp with 
hain for $3.00 


| 

[] money order | 
feng 

| 


INSTRUMENT SOCIETY of AMERICA | 
313 Sixth Avenue, Pittsburgh 22, Pa. ! 


Handbook of Noise Measurement; 
Arnold P. G. Peterson and Ervin 
E. Gross, Jr.; 131 pp., $1.00. (Order 
from General Radio Co., West 
Concord, Mass.) 


Theory and Application of Ferrites; 
Ronald F. Soohoo; 280 pp., $12.00. 
(Order from Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey.) 


Digital Computers and Nuclear Re- 
actor Calculations; Ward C. San- 
gren; 208 pp., $8.50. (Order from 
John Wiley & Sons, 440 Fourth 
Ave., New York 16, N.Y.) 


Basic Carrier Telephony; David Tal- 
ley, 176 pp., $5.75. (Order from 
John F. Rider Publisher, 116 W. 
14th St., New York 11, N.Y.) 


Industrial Electronics Laboratory 
Manual for Electronics Techni- 
cians; Paul B. Zbar; 201 pp., $5.00. 
(Order from McGraw Hill Book 
Co., 330 West 42nd St., New York 
36, New York.) 


Automatic Translation; D. Yu. Pa- 
nov; Transl. by R. Kisch; Editor, 
A. J. Mitchell; 73 pp., $4.50. (Or- 
der from Pergamon Press, 122 E. 
55th St., New York 22, N.Y.) 


Manual on Installation of Refinery 
Instruments and Control Systems; 
107 pp., $4.00. (Order from the 
American Petroleum Institute, Di- 
vision of Refining, 1271 Avenue of 
the Americas, New York 20, N.Y.) 


Analog Computers; I. I. Eterman:; 
Transl. by G. Segal; Editors: B. 
H. Venning; 264 pp., $8.50. (Order 
from Pergamon Press Inc., 122 E. 
55th St., New York 22, New York.) 


Physics for Students of Science & 
Engineering, Part II; David Halli- 
day and Robert Resnick; 1025 pp., 
$6.00. (Order from John Wiley & 
Sons, 440 4th Ave., New York 16, 
New York.) 


Solar Cell and Photocell Handbook; 
John Sasuga; 111 pp., $2.00. (Order 
from International Rectifier Corp., 
El Segundo, Cal.) 


Elementary Introduction to Nuclear 
Reactor Physics; S. E. Liverhant; 
447 pp., $9.75. (Order from John 
Wiley & Sons, 440 4th Ave., New 
York 16, N.Y.) 


Progress In Non-Destructive Testing; 
Vol. 2; Editors: E. G. Stanford, J. 
H. Fearon; 250 pp., $12.00. (Order 
from The Macmillan Co., 60 5th 
Ave., New York 11, N.Y.) 


ANOTHER 
ELECTRO-MECH 
FIRST: 


ViS-A-SYSTEM 
INTEGRATED 
CONTROL 

CONSOLE 




















PROPYLENE SPLITTER UNIT 
CONTROL CONSOLE 
VISUALLY AND FUNCTIONALLY 
INTERLOCKED: 


@ GRAPHIC PROCESS DISPLAY @ AN- 
NUNCIATION EQUIPMENT @ INSTRU- 
MENTATION @ CONTROL ELEMENTS 


With this control console, Electro-Mech 
Corporation introduces what is literally 
a new dimension to control-panel design. 
Here for the first time is realization of 
complete integration of all functional as- 
pects of the control console. 


We welcome your inquiries regarding the 
VIS-A-SYSTEM® Integrated Control Con- 
sole and invite you to request an Electro- 
Mech quotation on your next Control 
Systems requirement. 


Electro-Mech Corp., Norwood, N.}. 


a 
Electro-Mech 
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TYPE 
7000-B 
AUDIO PRIMARY 
PHASE STANDARD 


FEATURES: 
* +0.05° Phase Shift Accuracy 


* 30 cps to 20 ke Frequency 
Coverage 


* 0° to 360° Continuous 
Phase Shift 


* Ultimate Accuracy of +0.01° 

* Self-Calibrating 

* Long-Term Operating Reliability 
* Lissajous Pattern Presentation 


The Type 7000-B Audio Primary 
Phase Standard supplies two sinus- 
oidal voltage signals whose phase re- 
lationship is known to +0.50° and is 
continuously variable from 0° to 
360°. The frequency of the two signals 
is the same and is set at one selected 
frequency from 30 cps to 20 ke. 


Specifications 

Frequencies: Any single frequency 
from 30 cps to 20 ke. Frequency is 
set with an accuracy of +0.05% 
Accuracy of Phase Angle: +0.05°. 
For angles which are multiples of 1°, 
carefully taken readings are accurate 
to 0.01°, 

Output Voltage Range: 1 to 12 
volts (rms). 

Output Distortion: Total harmonic 
distortion less than 0.05%, provided 
output voltage is within specified 
range of 1 to 10 volts (rms). 
Output Impedance: Approximately 
200 ohms (from cathode follower) . 
Power Supply: 105-125 volts, 50-60 
cycle electronic-regulated, self- 
contained supply, requiring approxi- 
mately 450 watts. 


Physical Specifications 
Dimensions: 2114” wide x $1” high 
x 2114” deep. 


For further information write 


TECHNOL . 
C oLoGy ree CORP. 


© FORMERLY 
ACTON 
LABORATORIES, INC. 
©1260 


oF ACTON 


533 MAIN STREET, ACTON, MASS. 
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new literature 


Controlled Volume Pumps 


weg 


Revised 32-page bulletin 553-2 on motor 
driven controlled volume pumps features 
a selection data guide, materials selection 
charts and capacity-pressure selection ta- 
bles. Milton Roy Co. CIRCLE NO. 401 


Pressure Regulator 


Bulletin 113 describes pressure regula- 
tor for laboratory test applications. With 
inlet pressure up to | psi, it can be ad- 
justed for outlet pressures ranging from 
3.2 to 16 in. we. Specs., design features, 
dimensions included. American Meter Co. 

CIRCLE NO. 402 


Instrument Calibration 


Calibration or standardization can be 
accomplished with 0.05% accuracy with 
company’s Models 62, 63, 64, and 65 in- 
strument calibrators. Units can be pur- 
chased individually or collectively in a 
single console to conform to space and 
room requirements. Daystrom. 

CIRCLE NO. 403 


Magnetic Tape Recorders 


Miniature magnetic tape recorders for 
missiles, satellites, ejection systems, are 
detailed in data sheet; have been proved* 
during impacts of 1500 g’s for 10 milli- 
secs., accelerations of more than 200 g’s, 
vibration levels up to 100 g’s. Small size, 
light weight, low power consumption. 


Leach Corp. CIRCLE NO. 404 


Optical Masers 


Booklet discusses theory and design of 
solid state optical maser, a device which 
produces a narrow beam of coherent light 
where all waves possess a definite phase 
relationship to each other, much the 
same as radio waves. Through further 
research, vastly increased amounts of data 
could be carried on coherent light beams 
due to the tremendously higher light 
frequencies. Bell Telephone Laboratories. 

CIRCLE NO. 405 


Dynamic Storage 
Analog Computer 


Nine-page report 80-105-008 describes 
application of new dynamic storage ana- 
log computer to determine complex chemi- 
cal equilibrium conditions and composi- 
tion. Equilibrium evaluations help opti- 
mize such variables as feed temperature, 
operating pressure in chemical process 
development. Computer Systems. 

CIRCLE NO. 406 





Recording Instruments 


The profitable uses of instruments, 
including cutting production costs, chart- 
ing research, and speeding up mainten- 
ance, are discussed in four-page data 
sheet. Esterline-Angus Co. 

CIRCLE NO. 407 


Bourns Potentiometers 


Latest brochure gives key information 
on company line of adjustment potentio 
meters; designed for easy reference to 
assist in selecting model best suited to 
particular applications; features illustrated 
by cutaway drawing. Bourns, Inc. 

CIRCLE NO. 408 


Pinboard Programing Panel 
Two-page bulletin 600 describes new 
pinboard programing panel, lists poten- 
tial applications in instrumentation, auto- 
mated machine tools, test and check out 
equipment, controls of all types, and data 
processing equipments. Specs and scale 
drawings included. AMP Inc. 
CIRCLE NO. 409 


Back Pressure Regulators 

4” and 6” sliding gate air-operated 
back pressure regulators have capacities 
up to 50,000 Ibs. of steam per hour o1 
25,000 gpm of water. Sliding gate seats 
used in both pilot and main valve give 
accurate regulation, tight shut-off and 
minimum maintenance. Data sheet SRBc 
75-60. OPW-Jordan. CIRCLE NO. 410 


Antomatic Analysis 


Automatic system of semi-quantitative 
analysis for electrophoresis and chroma- 
tography is described in technical bul- 
letin W1-6510. Processes include con- 
trolled micropumping of solvent, large- 
scale separation by paper partition chrom- 
atography or electrophoresis, effluent 
measurement and recording of uv absorp- 
tion at 254 mu, and controlled fractiona- 
tion of liquid into test tubes. LKB Insts. 


CIRCLE NO. 411 


Precision Resistance 
Measurement 


Issue No. 3, “Design Ideas”, quarterly 
technical bulletin, presents second part 
of discussion on 3- and 4-terminal preci- 
sion resistance measurement techniques 
for calibrating a resistor of any value 
with predictable accuracy, relative to a 
single certified resistance standard. Elec- 
tro-Scientific Industries. 

CIRCLE NO. 412 





mmere@) 
SEAL # 


CIRCLESEAL i The dial 


PLUG VALVE | | 
..- LEAKPROOF iW Design of the Circle Seal thermometer 


9200 Series Plug Valve fea- 
tures use of three O-rings. . 

HIGH VACUUM In closed position, O-ring on at its hest 

SERVICE cylindrical face of plug 

prevents leakage past inlet ° 
port. In open position, the DISTANT 
valve is fully ported and READING 
allows straight-thru flow Something much 
passage. Stem leakage is finer in a dial ther- 


entirely eliminated by static mometer: finer because 
O-rings at top and bottom it is the bourdon tbe type of thermometer 


; at its best...embodies the greater precision 
around circumference of and lasting accuracy of the Marsh Pres- 
plug. Effortless quarter turn sure Gauge. 

9200 SERIES from full open to full close. Both vapor tension and gas-filled types 
No springs used...no ad- . are available in either distant reading or 

Positive sealing in high vacuums justments required. rigid stem types. In the broad Marsh line 

to 150 psi. Sizes 4%”, 14”, %”, you have a complete selection of tempera- 

4”, 34”. Available in brass or ture ranges, case sizes, styles, and finishes. 


303 stainless. GID Ask for the Thermometer Catalog 


™ MARSH 


mmee@) CIRCLE SEAL PRODUCTS CO., INC. : MARSH INSTRUMENT COMPANY, Dept. 56, Skokie, Ill. 





, Division of Colorado Oil and Gas Corporation 
2181 East Foothill Bivd., Marsh Instrument & Valve Ce., (Canada) Ld. 
Pasadena, Calif. ‘ 6307 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell St. 
Sect. 15, Houston, Texas 
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for mV and temperature measurements & 


automatic potentiometer recorder 


type PR 2210 








laboratory accuracy in an industrial 
instrument 


switcheable measuring ranges in a single 
unit 

4 chart-speed finger-tip operation 

all parts easily accessible 

ample room provided for incorporation of 
supplementary gear 

simple and sturdy construction 


reliable performance even under the most 
severe conditions 


available: also with two-position or 
proportional control or for recording of 
up to 12 measuring points 


U.S.A.: Philips Electronics Inc., Instrument Division, 750, South Fulton Ave., MOUNT VERNON N.Y. 
Canada: Philips Electronics Ltd., 116 Vanderhoof Ave., TORONTO - Ontario 
Overseas inquiries: N.V. Philips’ Gloeilampenfabrieken - Eindhoven - Holland 
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AMPEX CHOOSES 
JAMES 


Kit 


THE “MINUTEMAN” PROGRAM RELIES ON 
THE FR-600 FOR RECORDING 


Ampex and James 

engineers together 

developed a unique 

new economical 

chopper from the 

basic JAMES low a 

level DPDT instru- Me . enenen,| 
ment mechanism for 2 F . i aj 
this critical applica- : : Ag Lak ania 
tion. The resulting ; 

component with its 

precision reliability 

and accuracy con- 

trols the FM record 

and reproduce ampli- 

fiers. The FR-600 with 

double the bandwidth 

of previous recorders, 

provides Direct-re- 

cording response to 

250 Ke or FM-Carrier 

recording from DC 

to 20 Ke within % db. 


The JAMES instrument chopper, now the standard in low level instrument 
design, aie ga characteristics for analogue DC amplifiers and 
tae" , 


. 


. POT and SPDT in a variety of packages for low noise and 1 to 
500 cps operation. 

Low residual noise permitting microvolt performance at all carrier 
frequencies. — 


e + Low Thermal emfs means equipment stability over wide temperature 
and from all types of transducers. 


and long life by thousands of components in all phases 


in with your low level modulator, demodulator 
lormer requirements. Matched components insure opti- 
and lowest cost. 


JAMES ELECTRONIOS INC. 


CO 7-6333 
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Air Sampling Techniques 

Manual 2 contains methods for collect 
ing dusts and determining their count 
by size and weight. Tips for chemical 
analysis, X-ray spectrographic analysis and 
diffraction analysis are also included. 
Gelman Instrument Co. 

CIRCLE NO. 413 


Precision Scales 

Tables and chapters on various weight 
scales are featured in new brochure. Shad- 
ograph, End Tower, Center Tower, and 
Sacking Scales, weighing machines, and 
automatic checkweighers are included 
Fully illustrated. The Exact Weight Co 

CIRCLE NO. 414 


Pressure Test Standards 

Catalog discusses Bourdon tube gages 
for use as test standards in the calibration 
of other instruments and in lab analyses 
Also describes new Thermal Compensator 
which holds gage in calibration through 
ambient temp. changes from 25° to 

125°F. Heise Bourdon Tube Co. 


CIRCLE NO. 415 


Pressure Snubber 

Company's new diaphragm seal-pressure 
snubber unit for sealed systems, combin 
ing efficient snubbing action with in 
strument protection against corrosion and 
plugging, is described in new brochure. 
Detailed drawings, including cross sec 
tions of two diaphragm seal housing as 
semblies, are shown. Chemiquip Co. 


CIRCLE NO. 416 


Building Block Modules 


New 8-page technical brochure describes 
how company’s family of compatible 
DATA BLOCK basic test equipment mod- 
ules rapidly check out a new digital 
system design and then are replaced with 
their DATA-PAC compact printed circuit 
board electric equivalents to produce a 
reliable working prototype or final system 
Harvey-Wells Electronics 

CIRCLE NO. 417 


Digital Clock 

New transistorized digital clock which 
operates from a 100 ke input and pro 
vides output in hours, min. and sec 
on 24-hour basis is featured in product 
specification A36. Unit contains counter 
and frequency divider. Circuitry is on 
standard company CM-100 = modules, 
mounted in standard chassis, 7”x19”x11” 
Datex CIRCLE NO. 418 





Digital Data Handling 
New monthly publication entitled “Data 
Tract” includes special features on com- 
pany activities in the field of digital 
data handling. Epsco. 
CIRCLE NO. 419 


Digital Modules 

High speed digital modules for d-c to 
1 megacycle operation are described in 
catalog S$; includes typical schematics, 
block diagrams and specifications for flip- 
flops, counters, etc. Computer Control. 


CIRCLE NO. 420 


Potentiometer/Receiver Recorder 
Four-page illustrated brochure on com 
pany’s all transistorized miniature poten- 
tiometer receiver recorder, lists outstand- 
ing design and operating features. Bul 
letin R-301. De Var Systems, Inc. 
CIRCLE NO. 421 


Instrument Electron Tubes 

New line of receiving tubes with tight 
stable characteristics and long life, incor- 
porates most advanced military features, 
except for costly shock and vibration con- 
trols not required. Bulletin PA-391 also 
describes frame grid tubes and secondary 
emission tubes. CBS Electronics. 

CIRCLE NO. 422 


Pushbutton Switches 

Series of miniaturized lighted push- 
button switches are discussed in two-page 
data sheet 182. Switches offer double-pole 
double-throw switching, long lamp life, 
two-color indication in unit requiring 
less than one cubic in. of space. Fifteen 
different display screen color combina- 
tions available. Minneapolis-Honeywell. 


CIRCLE NO. 423 


Rotary Motion Transmitter 

New transmitter is described in bulletin, 
ref. no. 86.20-1 which produces pneumatic 
pressures proportional to speed or rota- 
tion of a primary unit, solving the prob- 
lem of changing rotary motion to a linear 
output air signal. Low speed input: 20 
rpm produces air output of 15 psi. Flexi 
ble cable drive and low torque. B-I-F 


Industries. 
CIRCLE NO. 424 


Explosive Valves 

Bulletin 1160 XV illustrates and de 
scribes new series of reusable explosive 
valves featuring reusable bodies and re 
placement kits. By firing a small, com 
pletely contained explosive squib, these 
normally-closed lightweight, dead-tight, 
shut-off explosive valves operate in .002 
secs. and are used for long or short time 
storage of gases or liquids up to 5000 
psi. Conax. 

CIRCLE NO. 425 





. W. DAHL + G. W. DAHL + G. W. DAHL + G. W. DAHL + G. W. DAHL 


LOW COST 
MINIATURE 
VALVE FOR 

TIGHT 
SHUT-OFF! 


Dahl FLEXI-PHRAGM pack- when valve is opened and par- 

less diaphragm valve ideal for ticles washed away . . . even 

instrument air and other gas after prolonged closures. 

and liquid services f°" Rated to 500 psig and 

matic circuit in process control 180°F. Closing torque only 10 

loops P Ib.-in. _- —Z = my 
oh : service. Brass bodies wi 8 

p Beg aly yay cot arnd or 4%” NPT connections. Panel 
: P - mounts available. 

stand deformation by slurries, 

trapped impurities (unfiltered REQUEST complete data on 

service) .. . still provide pos- this low cost, high performance 

itive shut-off. Diaphragms re- valve. G. W. Dahl Co., Inc., 81 

sume original configuration Tupelo St., Bristol, R. I. 


G. W. DAHL Co., INC. 


SPECIALISTS IN COMPACT VALVES AND CONTROLS 
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a.c. voltage 
measurements 
to 0-05% 


using the D-930-A MUIRHEAD-WIGAN PRECISION 
R.M.S. DEGADE VOLTMETER 


For further details write for publication 150. Better still, see the 


1.R.E. 
SHOW 
BOOTH 
3230 





——— — — 





instrument for yourself at the I.R.E. Show (Booth 3230). Our 
engineers will be glad to discuss any aspect of the Muirhead range 
of instruments which includes synchros, servomotors, servo 


equipment, oscillators, wave and frequency analysers, phasemeters. 


MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK I|7-N.Y.- U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO CANADA 
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT ENGLAND 
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Panel Meters 

New 24-page technical catalog on line 
of electric indicating panel instruments 
includes detailed specs, outline drawings, 
general data covering wide range of 
miniature, full size units from '2” to 
142” diameter. DeJur-Amsco Corp. 

CIRCLE NO. 426 


Digital Voltmeters 

Six-page, two-color folder describes im- 
portant differences in digital voltmeters. 
Descriptive examples includes snap-out 
readout, plug-in oil-bath stepping 
switches, ‘“no-needless-nines” logic, and 
99% plug-in modular construction. Non- 
Linear Systems. 

CIRCLE NO. 427 


Data Handling Instruments 

Instruments that combine the sensing 
powers of electronics, optics, and photo 
graphy for rapid capture and display of 
scientific and industrial data are de 
scribed in 20-page illustrated brochure. 
Ihe capabilities of the company and its 
executive personnel are also featured. 
Photomechanisms 

CIRCLE NO. 428 


LINE-OPERATED 
SUPER-SENSITIVE ELECTRONIC 


IPLIER-PHOTOMETER 


For the exact measurements of extremely low light 
values down to 1/10,000 microlumen . . . for absorp- 


Lab Furniture 

Industrial and educational scientists, in 
interviews by the Laboratory Equipment 
Section, Scientific Apparatus Makers As 
sociation, expressed the idea to free 
valuable bench-top working space by 
building certain specialized instruments 
and apparatus into the lab table. Copies 
of “Suggested Built-In Instruments and 
Equipment for Laboratory Furniture — 
including Certain Specific Finish Require 
ments” is now available. L. E. Section/ 
SAMA. 

CIRCLE NO. 429 


Voltage Controlled Oscillator 

Technical bulletin 201 provides data 
on a voltage controlled oscillator, which 
converts low-level voltage input to a 
frequency-modulated signal suitable for 
magnetic recording or transmission by 
radio or wire link. Specs included. Inte 
state Electronics. 


CIRCLE NO. 430 


Photoelectric Control Unit 

A combination of electronic timer and 
photoelectric scanner that provides multi- 
ple programing sequences, adjustable de- 
lay and hold-in times, provision for light 
or dark operation, is described in bulletin 
PE-7. Six systems offer scanning ranges 
from 2” to 18 ft. Farmer Electric Products 
Company. 

CIRCLE NO. 431 


Servo-Recorder 
for general 
laboratory 


tion and flame photometry. Colorimetry through use 


microscopes. Scintillation measurements on crystals. 
Fluorescence trace analysis. Monochromatic color 
densitometry. Measuring high densities on micro 
areas. Light measurements through telescopes. 


PH OTOVO LT Corporation 


New York 16, N. Y 


95 Madison Avenue ad 
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95 MADISON AVENUE 


Differential Amplifier 

lransistorized differential amplifier de- 
signed specifically for use where high 
common mode rejection, high input im- 
pedance and solid state reliability are 
major considerations, has two modes of 
operation: in differential mode, amplifier 
provides 10 v at 10 ma as its full scale 
output; in single-ended mode, full scale 
output is 10 v at 50 ma. In both modes, 
input resistance is greater than 100 meg 
ohms. Bulletin 875. Epsco-West. 

CIRCLE NO. 432 


Spring and Diaphragm Actuators 

Four-page bulletin b-1020-7 illustrates 
and describes spring and diaphragm ac- 
tuators in various typical combinations 
including a butterfly valve, adjustable 
port valve, burner valve. Specs, operating 
characteristics, dimensions listed. Cono- 


flow. 
CIRCLE NO. 433 


Microwave Measurements 

100-page application note 46 presents 
general background on microwaves, micro- 
wave transmission theory, basic micro- 
wave measurements and equipment used, 
eight basic experiments designed to help 
the student or microwave novice, and 
glossary of microwave terms. Hewlett- 
Packard Co. 

CIRCLE NO. 434 





A versatile Linear-Log 


PHOTOVOLT CORP. 


@ NEW YORK 16, N. Y 


Also available: Densitometers # Photometers # Fluorescence Meters @ pH Meters 
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Precision Measurements | 
New skidless pickup makes possible sur- | 


face measurements without skids; designed 


to measure small I.D.’s and O.D.’s, flanges, 
thread flanks, gear teeth, small internal 


diameters and other applications where . 


limited area measurements exist. Cleve- OF 
land Instrument Co. 


CIRCLE NO. 435 


Air-Conditioned Smoke Controls 
“Electric eye” unit guards against smoke 
circulated by air-conditioning systems. If 
smoke alarm is used, exact density of 
gases is always clearly visible on meter. 
At any predetermined volume of light 
cut-off, unit will shut down fan, flash 
red danger signal. Photomation 
CIRCLE NO. 436 A sensitive dead weight pressure balance for 
use as a primary pressure standard. Repeat- 
ability in excess of 0.01%. 
Ranges up to 12,000 psi with subdivisions 
. . . as small as 0.1 psi. 
Signalling Units : Designed ae calilinate a wide selection of 
Frequency Shift Tone Signalling Units pressure-measuring devices, the gage is adapt- 
provide data communications by means of able to almost any pressure-measuring prob- 
shifting frequency of transmitted carrier, lem. Complete pressure testing and calibrating 


as distinguished from keying a carrier on installations assembled to meet customer 
and off. Advantages: reduced susceptibility specifications. 
to interference, greater independence of Write for complete literature. 


channel propagation, positive indication INSTRUMENT 
of channel or equipment failure instantly RUSKA CORPORATION 
provided by receiver. Hammarlund. MAKERS OF SCIENTIFIC INSTRUMENTS 


CIRCLE NO. 437 6121 Hillcroft Street, Houston, Texas 
Mail Address: P. O. Box 3396, Bellaire 101, Texas 
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Precision Wirewound Resistor 
Only 17/64” in diameter by 27/64” long, 

exclusive of leads, a new precision wire 

wound resistor employs the 0.2” lead 


spacing required by standard printed wir 
ing boards used in computer and other 
military electronic circuitry. Complete 
performance data included. Shallcross 
Manufacturing Co. 
CIRCLE NO. 4388 

pH Meters 

Model N pH meters described in new 

| me 


bulletin measure over the full 0 to 14 pH 


range or make millivolt measurements 
from 0 to +420 mv. Readings are accurate | 
to 0.1 pH and repeatable to 0.03 pH. Two 


models available: one for plant and lab | The Ruska Calibration Laboratory offers to industry the 


use where portability is secondary in |  eytraordinary precision of calibration long associated 
importance, the other for field use for . ‘ as : 
on-the-spot measurements. Beckman Insts. with the Ruska Dead Weight Gage. Facilities are designed 
CIRCLE NO. 439 to calibrate pressure measuring devices by direct com- 
parison with instruments calibrated by the National 
, Bureau of Standards. K Traceable 
industrial Phototubes to NBS 
“Phototubes in Industry,” new bulletin 


in company’s “Tech Tips’ series, de- ' ' 
. P : ; Write for complete literature. % Qualified 
scribes high-vacuum as well as gas photo- d 
, under 


ee ee pon pererny INSTRUMENT MIL-Q 9858 
and photoresistive cells. Typical applica- 

tions shown for photoresistive cells com- CORPORATION 

bined with transistors. Effects of tempera- 6121 Hillcroft Street ° Houston, Texas * Air Force 
ture, excessive illumination and other Surveillance 
environmental conditions are described 


Bulletin PA-220. CBS Electronics 
CIRCLE NO. 440 CIRCLE NO. 107 ON PACE 112 
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EXTREMELY HIGH 
PRECISION VOLTAGE 
REFERENCE SUPPLY 


... HE PVR-10 


Eliminates dry cells, standard cells and 
standardization circuits in recording, 
measuring and controlling instruments. 


The PVR-10 offers an extremely stable 
output under varying line voltage con- 
ditions It eliminates dry battery- 
standard cell voltage referencesystems, 
using long-life solid state regulator. 
The PVR-10 is also low in noise and 
perfect for use with high sensitivity 
instruments and has high temperature 
operating-stability. It’s life is unaffect- 
ed by any temperature the instrument 
will withstand. Use with potentiometer- 
type recorder-controllers; Leeds and 


Northrup, Brown, $66.75 


Minneapolis Honey- 
well and others. F.O.B, DETROIT 


SPECIFICATIONS 


OUTPUT: 1.050 volts adjustable + 0.04V. 
STABILITY: Within 0.08% with simultaneous 
variations of 107 to 127 volts, 48 to 64 cycles 
and temperatures of 16° C to 75° C. 

NOISE: Less than 0.0013% ripple at 60 cycles 
and 0.0007% at 120 cycles. Less than 0.075 gauss 
magnetic field at 60 cycles of any phase and in 
any direction. 

ISOLATION: Leakage less than 100 picoamperes 
D.C. from output to ground and less than 20 
nanoamperes A.C. from output to ground with 
unit operating. Will withstand 2000 volts rms 
between input and output and/or ground. 


THE STANDARD MODEL 
CVR-610 


has become a very popular replace- 
ment for the dry battery in instruments 
retaining the standardizing circuit. 


SPECIFICATIONS 
OUTPUT: 1.5 volts D.C. nominal will supply either 
6 or 10 MA circuits 
STABILITY: Within 0.1% with line variations from 
105 to 125 volts, 50 to 60 cycles. 
NOISE: Injects less than 10 microvolts into stand- 


ard measuring circuits. 
$54.50 


TEMPERATURE: 
F.O.B, DETROIT 


Minus 20 to + 140° F. 
PM produces instruments to measure: 
LOAD « THRUST »« TORQUE « FLOW 
WEIGHT « TEMPERATURE « DISPLACEMENT 
VOLTAGE « PRESSURE with the highest 
accuracy attainable in industrial and lab- 
oratory applications. 
PERFORMANCE 
MEASUREMENTS 
COMPANY 


15120 THIRD AVE. 
DETROIT 3, MICHIGAN 
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Wet Test Meter 
New wet test metet 

letin 612, used for precise measurement 

12 of 


described in bul- 


of gas flow, is accurate to within + 
1% of volume. Operable pressure range: 
from 0.018 to Thermometer is 
safely positioned at front of meter as is 
Precision Scientific. 
NO. 441 


15 psi. 


manometer. 
CIRCLI 


U-tube 


Electric Hydrometer 

Revised edition of 16-page bulletin on 
applications of electric hydrometers, in- 
cludes applications which require direct 
measurement of liquid density to directly 
indicate density or specific gravity, or to 
provide gravimetric correction for liquid 
flow or tank contents. Liquidometer Corp. 


CIRCLE NO. 442 


Solid State Relay 

The model discussed 
corporates new type modular construction 
in solid state engineering to 
limitations of electro 


in data sheet in- 
and latest 
overcome inherent 
mechanical relays. No moving parts, thus 
no contact bounce, no arcing. Snap action 
output “contact” is guaranteed even with 
varying input voltage. Leach Corp. 
CIRCLE NO. 443 


Magnetic Flowmeter 

\ metering system comprised of a mag 
netic flowmeter (either standard or minia 
ture type) and an_ indicator/recordet 
which measures fluids with conductivities 
as low as 0.1 micromhos/cm is described 
in 8-page bulletin. Materials of construc- 
tion, mounting, wiring diagrams included 
Porter. 


CIRCLE 


Fischer & 
NO. 444 


Chart and Ink 

New chart and ink catalog S 230-1 gives 
complete story of how company’s charts 
and inks are made. Partial most 
commonly used ElectroniK strip and cir- 
cular charts, and pneumatic and electric 
Tel-O-Set included. Min 
neapolis-Honeywell. 


CIRCLE 


lists of 


charts are also 


NO. 445 


Computer Applications 

“Chemical Engineering and the Bendix 
G-15 Computer” describes principal chem- 
ical engineering applications of the G-15 
and reviews computer programs of repre- 
sentative G-15 installations. Report also 
contains compilation of most important 
G-15 programs for petroleum and chemi- 
cal firms, and partial inventory of several 


available. Bendix 


NO. 446 


hundred programs 


CIRCLI 


| 
| 


dual 
channel 


Model 81 


Major Features 


¢ 2 independent input channels which 
simultaneously record full scale. 
Recorder charts channels 1 and 2 
alternately at 1 second intervals. 
Trace identification eliminates con- 
fusion when traces cross. 
Calibrated volt and ampere ranges 
for each channel: 
10 mv. 
0.1 Vv. 
lv. 


1 Ha. 

10 xa. 

0.1 ma. 
10 v. I ma. 
100 v. 10 ma. 
Continuously variable adjustment be- 
tween ranges. 
Chart speeds of 2 in./hr. and 30 
in./hr. Optional speeds of 4, 6, 12, 
20, 24 and 60 in./hr. provided by a 
simple gear change. 

¢ Weighs only 14 Ibs. 912” x 5142”x 7”. 

Get complete specifications from 

your YS! dealer or write: 
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Level-Detector 

Use of electronic level-detection devices 
in modern large scale bakery operations 
to handle bulk-flour dispensing is de- 
scribed in bulletin L-102. Complete with 
photographs of the application and block 
diagram of entire installation. Robert 
shaw-Fulton Controls. 

CIRCLE NO. 447 


Automatic Titrator 

Complete technical and operating data 
on company’s Color Matic Endpoint De- 
tector and Digital Readout Volumatic 
Syringe, explains how precision titrations 
can be made quickly by relatively un 
trained personnel. Drawings, charts, pho 
tos included. Cenco Instruments Corp. 

CIRCLE NO. 448 


Steam Temperature Control 

New 4-page illustrated brochure de 
scribes operation and accurate control 
of high steam temperatures. Three de 
tailed diagrams explain principle of de- 
superheater water control, and burner tilt 
and desuperheater water control. Curves 
showing effects of steam temperature con 
trol are included. Bailey Meter Co 

CIRCLE NO. 449 


Magnetohydrodynamics 
Catalog describes basic policies and 
areas of research in which corporation is 
engaged, and charts of particular interest 
to engineers and scientists in the missile 
and space fields. Specifically details sev 
eral company-designed and manufactured 
research “tools” in the field of magnetohy- 
drodynamics. MHD Research, Inc. 
CIRCLE NO. 450 


Instrument Servos 

Complete line of instrument servos for 
measurement, control, remote display, 
data conversion and computation, is de- 
scribed in catalog SFC-1. Four-page, two 
color booklet provides detailed design, 
performance and application data on 
company’s Series 200 vacuum tube and 
Series 500 all-solid state servo indicators 
and repeaters. North Atlantic Industries. 

CIRCLE NO. 451 


Missile-Range Instrumentation 
5-page report describes typical instru 

mentation chain for missile-range instru 
mentation, including vehicle tracking, 

plotting of tracking data and control of 

target acquisition equipment. Form 80 
350-TC-5. Computer Systems, Inc. 

CIRCLE NO. 452 


Solid State Inverter 

I'wo-color Catalog Sheet S-2-10 offers 
detailed technical data on small-size, fully 
transistorized solid-state inverter. Unit 
covers d-c to pure sine wave 400-cycle 
power from 28v battery source; delivers 
up to 55v amps with less than 2% total 
harmonic distortion. Arnold Magnetics 
Corporation. 

CIRCLE NO. 453 








PRIMARY PRESSURE STANDARD 


mercurial BAROMETERS 
precision MANOMETERS 


PRESSURE CONTROLLERS 








The Finest Instruments of Their Kind 
in the World! 


Vv MICROMETER STANDARD BAROMETER 
Type MS-2, Primary Pressure Standard, 
Accuracy .001" RMS 

Ranges: 0-31", 0-62", 0-100" Hg 


BAROMETERS AND MANOMETERS, 
Type A-1l, Precision Mercurial, Temperature 
and Gravity Compensation 

Ranges: 0-31", 0-62", 0-105" Hg. 


PHOTO SCANNER, Type PSR-1 

Micro Reading (.0001"), pressure deviation 
signal, Accessory for Type A-1 Barometers 
and Manometers 

PRESSURE CONTROLLER, Type PSC-2 
Servo + Manual operation for automatic 
setting and holding pressures to within 
+.0005" Hg. 


PRESSURE CONTROLLER, Type MPC-2 
Manual operation for manual setting and 
holding pressures to within +.001" Hg 
For special problems or more information write: 
MNee NMe ven Be 
THe HASS INS U LR UUNULSUTU conporarion 
Precision Pressure Standards and Controls 


6173 Branch Avenue e Washington 23, D. C. e Hickory 9-5454 
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THERITIOCOUPLE 


THAT WILL WITHSTAND 


3000°F 


AND 
UP TO 50,000 PSI 


= —= 


NEW, SIMPLE 
CONSTRUCTION 


A metallic sheath compressed over 
ceramic insulated wire. Sheath can 
be bent and weldments can be per- 
formed without loss of insulation. 
3.8A for complete 
Write » thermocouples 








for new 4 for AER-O-PAK 
Bulletins Ceramic insulated 
wire. VSMF-REEF 





INSTRUMENT COMPANY, INC. 


DEPT. ISA, 315 N. ABERDEEN ST. @ CHICAGO 7, ILL. 
Sales representatives throughout the United States and Canada 
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Miniature Relays 

Four page bulletin 1069 describes latest 
addition to company’s line of miniature 
and sub-miniature relays including new 
1 PDT 10-ampere miniature relays. Elec- 
tric and environmental data, mounting 
styles presented. Union Switch and Signal. 

CIRCLE NO. 454 


Position Instruments 

24-page bulletin GEA-6596_ illustrates 
company’s complete line of position in 
struments for the aviation industry. In 
cluded is a guide to selecting position- 
indicating systems. Features, capacabilities 
illustrated with charts. Also described is 
new d-c selsyn test kit capable of testing 
indicators and transmitters either while 
installed on aircraft or at overhaul facil- 
ities. General Electric. 

CIRCLE NO. 455 


Salt Spray Test Chambers 

Illustrated bulletin C-11-2 
company’s new line of all-lucite salt spray 
chambers for environmental testing; gives 


describes 


working dimensions and specs on four 
models that comprise test chamber series 
which meet corrosion test requirements 
and military and commercial specs. As- 
sociated Testing Laboratories. 

CIRCLE NO. 456 


Voltage Digitizers 

Complete technical 
two models of voltage digitizers is con 
tained in four-page data sheets. Digitizers 
are highly accurate, high-speed, all semi 
conductor, analog voltage input to digital 
output converters whose distinguishing 
features are great sensitivity, plug-in 
module construction, true bi-polar meas- 
urement. Adage Inc. 

CIRCLE NO. 457 


spec ifications on 


Nuclear Problems 

“Nuclear Problems Handled with X 
rays” discusses analytical procedure fot 
uranium fuel alloy ingots, stainless steels, 
silver-gold previous alloys, uranium di 
oxide stainless steel powder blend and 
hafnium reactor control rods. Describes 
preparation of synthetic solution stand- 
ards, isotopic corrections, and applying 
correction factors. Norelco Instruments. 

CIRCLE NO. 458 


Control Valve 

New bulletin furnishes data on Reliance 
Type LV-10 lever-actuated control valves 
for liquid level applications. With max. 
inlet pressure of 400 psi, valve is equipped 
for sensitive operation, minimum main- 
tenance. Details of unit’s balanced valve 
and low-friction rotary seal clearly shown 
in cutaway illustrations. American Meter 
( ompany. 

CIRCLE NO. 459 











INSTRUMENT 
ENGINEER 


B.S. in Chemical Engineering, Electrical Engineer- 
ing, or Mechanical Engineering. 1-3 years ex- 
perience in pneumatic and electronic controls 
in process industries. Experience in electrical dis- 


tribution, motor control, project engineering in 


process industries desirable, but not essential. 


Please send resume to: 


MR. GEORGE F. HENDERSON 


SHAWINIGA 


RESINS 


CORPORATION 


Springfield 2, Massachusetts 


— ff» ™ 











SHAWINIGAN 
RESINS 
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Transistorized Null Indicators 

Iwo-color sheet offers detailed tech- 
nical data on two small-size, fully tran- 
sistorized, phase-sensitive null indicators. 
Model NI-2 is battery operated and sup- 
plied in portable carrying case; Model 
NI-3, 342” high rack mounted version 
contains internal a-c power supply. Specs, 
block diagrams, circuitry data included. 
Gertsch Products. 

CIRCLE NO. 460 


Readout Fact Finder 

Sixteen-page brochure shows detailed 
comparison of the major types of in-line 
readouts, including  electroluminescent, 
projected image, sphericular optic, NIX- 
IE® tube, edge lighted and electro me- 
chanical displays. All factors important 
in selecting display devices are compared: 
readability, life, size, weight, drive re- 
quirements, cost, power. Burroughs Corp. 

CIRCLE NO. 461 


Transistorized Level Control 
Advantages of single point or differ- 
ential level control with probes at differ 
ent levels is offered in transistorized level 
control unit, so sensitive that even dis- 
tilled or deionized water completes the 15 
microamp circuit through the probes; 
features sensitivity adjustment and therm 
istor compensation of ambients. Precision 
Thermometer & Instrument Co. 
CIRCLE NO. 462 


TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 

















Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Dii_~ential Pressure 
Inclined Manometers for draft, 
pressure or differential pressure. 


SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 


463 GETTY AVE., PATERSON,N. J. 
CIRCLE NO. 112 ON PAGE 112 





vod Fs F-t-J alate 
advertising 


POSITIONS WANTED: 90c per line, mini- 
mum three lines. Box number counts as 
one line. Payable in advance. No dis- 
count. 

POSITIONS OPEN, etc.: $2.00 per line, 
minimum three lines. Box number 
counts as one line. 

50 characters and spaces per line. 
DISPLAY AD (up to 44”): $18.00 per col- 
umn inch. Minimum 1 column inch. 
Other size ads—standard ad rates apply. 
Copy must reach the ISA Journal, Granite Bidg., 
313 Sixth Ave., Pittsburgh 22. Pa., not later than 
10th of month preceding date of publication. 











Precision Temperature Controllers 


Accuracy: + .001° C 
Ranges: — 200°C to + 500°C 


BAYLEY INSTRUMENT CO. 
Box 538 Danville, Calif. 








DESIGN ENGINEER 


Excellent opportunity for man with a 
good working knowledge and back- 
ground in the field of temperature 
measurement and control to handle de- 
sign and specification problems for a 
leading manufacturer of Thermowells 
and Thermocouples. Engineering degree 
desirable but not mandatory. Must be 
willing to relocate in excellent Central 
New ork area. Submit detailed res- 
umé including education, experience 
and salary requirement 

Write Box No. 2158, c/o ISA Journal 











LOOKING FOR A _ REPRESENTATIVE, 
WANT TO FILL A POSITION, LOOK- 
ING FOR A POSITION? Use classified 
advertising in the ISA JOURNAL. Send 
your copy, etc. to Classified Department, 
ISA Journal, 313 Sixth Ave., Pittsburgh 
22, Pa. 


llied 
hemical 








ELECTRONIC 
ENGINEERS 


Numerous opportunities for graduate 
Electrical Engineers desiring careers 
with a highly respected, prosperous 
manufacturer of industrial process 
instruments. 


Development Engineers. Requires ex- 
tensive background in development 
of electronic instruments. 


Process and Methods Engineers. Broad 
experience required in processing 
methods in manufacture of electronic 
instruments or components. 


Application Engineer —- with 3 to 5 
years experience with electronic cir- 
cuits in process industry; knowledge 
of vacuum tube and transistor cir- 
cuitry. Location Rochester, N.Y. Trav- 
el 15-30% of the time. 


Pipe Line Specialist—-Graduate engi- 
neer with knowledge of pipe line in- 
strumentation. Sales promotional man 
to direct sales efforts in pipe line field 
Location Rochester, N.Y. Travel 25% 
of the time 


Field Sales Engineers. Previous sales 
experience and knowledge of process 
control instrumentation needed. Train- 
ing course in Rochester prior to terri- 
torial assignment. 


Qualified applicants should send res- 
ume* to Personnel Manager 


Taylor Instrument Companies 
95 Ames Street Rochester 1, N.Y 


*All applications will be treated confidentially 








SENIOR INSTRUMENT ENGINEER 


To join the engineering staff of our Development 
Department for work on the application, specifica- 
tion, and installation of process instrumentation. 

Engineering degree and chemical plant process in- 


strumentation experience required. 


Please submit your résumé and salary requirements to: 


R. E. Poole 


NITROGEN DIVISION 
DEVELOPMENT DEPARTMENT 
HOPEWELL, VIRGINIA 
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CONFERENCE CALENDAR 





FEBRUARY 1961 


February 14-16 — 2nd Annual Symposium 
on Nondestructive Testing of Aircraft 
& Missile Components, Gunter Hotel, 
San Antonio, Texas. Sponsors: Society 
for Nondestructive Testing and South- 
West Research Institute. Contact: R 
B. Wangler, Southwest Research Inst., 
Box 2296, San Antonio, Texas. 


February 15-17—Solid-State Circuits Con- 
ference, University of Pennsylvania, 
Philadelphia, Pa. Sponsors: AIEE, IRE, 
University of Pennsylvania. Contact: 
J. E. Casey, Leeds & Northrup, 4901 

Stenton Ave., Philadelphia 44, Pa 


MARCH 1961 


March 2—Symposium on Optics and Spec- 
troscopy & Instrument Exhibit, Penn 
Sheraton Hotel, Pittsburgh, Pa. Spon- 
sors: Optical Society of America, Pitts- 
burgh Conference on Analytical Chem- 
istry and Appts Spectroscopy. Con- 
tact: Mary E. Warga, OSA, 1155 16th 
St., N.W., Washington 6, D.C. 


March 5-9—6th Annual Gas Turbine Con- 
ference & Products Show, Shoreham 
Hotel, Washington, D.C Sponsors: 
ASME, U.S. Dept. of Defense. Contact: 
ASME, 29 W. 39th St., New York 18, 
New York. 


*March 8-10—llth Annual ISA Spring 
Conference on Instrumentation for the 
Iron & Steel Industry, Roosevelt Ho- 
tel, Pittsburgh, Pa. Contact: Richard 
R. Webster, Jones & Laughlin Steel 
Corp., Research Laboratory, 900 Ag- 
new Ave., Pgh., Pa. 


March 9-10—2nd inane on Engineer- 
ing Aspects of Magnetohydrodynamics, 
University of Penna., Philadelphia, Pa. 
Sponsors: AIEE, IAS, IRE. Contact: 
Norman W. Mather, Program Chair- 
man, IRE, 1 East 79th Street, New 
York 21, N.Y 


*March 15-16—4th Annual ISA Panhandle 
Section Exhibit, Borger, Texas. Spon- 
sor: ISA Panhandle Section. Contact 
C. Drake, 7 N. Koopman St., Phillips, 
Texas. 


March 20-23—IRE International Conven- 
tion, Waldorf-Astoria, New York Coli- 
seum, New York City. Sponsor: IRE. 
Contact: E. K. Gannett, IRE, 1 E. 79th 
St., New York 21, N.Y. 


March 20-24—Western Metal Exposition, 
Pan Pacific Auditorium, Los Angeles 
Sponsor: ASM. Contact: J. C. Nelson, 
ASM, Metals Park (Novelty), Ohio. 


March 20-31—-Industrial Packaging Short 
Course, Purdue University, Lafayette, 
Indiana. Sponsor: Purdue University. 
Contact: Mark E. Ocker, Conference 
Coordinator, Adult Education Div., 
Memorial Center, Purdue Univ., La- 
fayette, Indiana. 


*March 27-31—4th Symposium on Tem- 
perature—Its Measurement and Con- 
trol in Science and Industry, Veteran's 
Memorial Hall & Deshler-Hilton, Co- 
lumbus, Ohio. Sponsors: ISA, AIP. 
NBS. Contact: V. W. Sikora, ISA, 31: 
Sixth Ave., Pittsburgh 22, Pa 


March 29—Annual Conference, Technical 
Societies Council of New Jersey, Hotel 
Robert Treat, Newark, N.J. Contact: 
L. W. Van Denburgh, Jr., Resistoflex 
Corp., Roseland, N.J. 


*Denotes ISA Sponsored or Participating Meeting 


March 30-April 1—4th Symposium on Rock 
Mechanics, University Park, Pa. Spon- 
sors: Colorado School of Mines, Univ. 
of Minnesota, Univ. of Missouri School 
of Mines & Metallurgy, Penna. State 
Univ. Contact: Continuing Educ. Con- 
ference Center, Penna. State Univer- 
sity, University Park, Pa. 


APRIL 1961 


*April 4 — 13th Annual Symposium on 
Electronic Process Instrumentation, 
Hotel Essex, Newark, New Jersey. 
Sponsor: ISA New Jersey Section. Con- 
tact: W. H. Broomall, Crabbe & Steb- 
bins, 485 Sylvan Ave., Englewood 
Cliffs, N. J. 


April 5-7—Symposium On Materials and 
Electron Device Processing, Benja- 
min Franklin Hotel, Philadelphia, Pa. 
Sponsor: American Society for Testing 
Materials. Contact: ASTM, 1916 Race 
St., Philadelphia 3, Pa. 


* April 11—Ohio Valley Instrumentation— 
Automation - Electronics Exposition. 
Cincinnati Gardens, Cincinnati, Ohio. 
Sponsor: ISA Cincinnati Section. Con- 
tact: P. O. Fleming, General Electric 
Co., Bldg. 200, Evendale, Ohio. 


April 12-14—3rd Symposium on Informa- 
tion & Decision Processes, Purdue 
University, Lafayette, Indiana. Spon- 
sor: Purdue Univ. Contact: News Bu- 
fone. Purdue University, Lafayette, 
nd 


*April 17-19—7th National ISA Symposi- 
um on Instrumental Methods of Anal- 
ysis, Shamrock Hotel, Houston, Texas. 
Contact: M. D. Weiss, Union Carbide 
Olefins, Special Inst. Dept., S. Charles- 
ton, W. Va. 


x April 19-21—7th Annual ISA Southeastern 
Conference & Exhibit, Charlotte, North 
Carolina. Sponsor: ISA District III. 
Contact: E. M. Seagrave, Celanese 
Corp. of America, P. O. ox 1414, 
Charlotte, N. C. 


April 25-27—9th National Conference on 
Electromagnetic Relays, Stillwater, 
Oklahoma. Sponsors: Oklahoma State 
University, National Assoc. Of Relay 
Manufacturers. Contact: Prof. C. F. 
Cameron, Oklahoma State University, 
Stillwater, Okla. 


April 26-28—7th Regional IRE Technical 
Conference & Electronic Exhibit, 
Phoenix, Arizona. Sponsor: IRE. Con- 
tact: H. W. Welch, Jr., P.O. Box 1417, 
Scottsdale, Arizona. 


wApril 30-May 4—7th National ISA Aero- 
Space Instrumentation Symposium. 
Adolphus Hotel, Dallas, Texas. Con- 
tact: W. J. Gabriel, Convair Division, 
General Dynamics, Fort Worth, Texas. 


MAY 1961 


*%May 8-10—4th National ISA Power In- 
strumentation Symposium, LaSalle 
Hotel, Chicago, Ill. Contact: H. A. Van 
Wassen, Duquesne Light Co., Pitts- 
burgh 19, Pa. 


May 9-11—Western Joint Computer Con- 
ference, Ambassador Hotel, Los An- 
geles. Sponsors: IRE, AIEE, Assoc. for 
Computing Machinery. Contact: Dr. 
Ww. Bauer, Thompson Ramo Woold- 
ridge, 8433 Fallbrook Ave., Canoga 
Park, Cal. 


*May 10-12—Pulp and Paper iastrumen- 
tation Symposium, Northland Hotel, 
Green Bay. Wisc. Sponsors: ISA and 
TAPPI. Contact: J. W. Replogle, Pan- 
ellit Service, Skokie, Il 


May 15-17—National Symposium on Micro- 
wave Theory & Techniques, Sheraton 
Park Hotel, Washington, D.C. Sponsor: 
IRE. Contact: Gustave Shapiro, Engi- 
neering Electronics Section, National 
oe of Standards, Washington 25, 
D.C. 


May 15-18—l12th Annual Symposium on 
Spectroscopy, Hilton Hotel, Chicago, 
Illinois. Sponsor: SAP. Contact: Wil- 
liam Ashby, Continental Can Co., 7622, 
South Racine Avenue, Chicago 20, Il. 


*xMay 22-24—10th National Telemetering 
Conference, Sheraton Towers Hotel, 
Chicago, Ill. Sponsors: ISA, AIEE, 
ARS, IAS, IRE. Contact: A. H. Freil- 
ich, Burroughs Corp., Paoli, Pa. 


May 22-26—1961 National Conference of 
Society of Photographic Scientists & 
Engineers, Arlington Hotel, Binghamp- 
ton, N.Y. Sponsor: SPSE. Contact: 
SPSE, Box 1609, Main Post Office, 
Washington, D.C. 


May 23-25—Symposium on Large Capacity 
Memory Techniques for Computing 
Systems, Dept. of Interior Auditorium, 
Washington, D.C. Sponsor: Informa- 
tion Systems Branch, Office of Naval 
Research. Contact: Josephine Leno, 
Code 430A, Office of Naval Research, 
Washington 25, D.C. 


JUNE 1961 


*xJune 6-8 — ISA Instrument-Automation 
Summer Conference and Exhibit. 
Queen Elizabeth Hall, Royal York Ho- 
tel, Toronto, Ontario, Canada. Con- 
tact: J. S. Bennet, 160 Calvington Dr., 
Toronto, Ontario. 


*xJune 12-16—Air Pollution Instrumenta- 
tion Symposium & Annual Meeting of 
Air Pollution Control Association, Ho- 
tel Commodore, New York, N.Y. Spon- 
sors: ISA, APCA. Contact: D. F. 
Adams, Div. of Industrial Research, 
Washington State University, Pullman, 
Washington 


*June 13-16—3rd Biennial ISA Interna- 
tional Gas Chromatography Sympo- 
sium, Michigan State Univ., East Lan- 
sing, Michigan. Contact: J. E. Callen, 
Proctor & Gamble, Cincinnati, Ohio. 


*xJune 28-30—2nd Joint Automatic Control 
Conference, Colorado University, Boul- 
der, Col. Sponsors: ISA, AIEE, AIChE, 
ASME, IRE. Contact: H. M. Paynter, 
M.1.T., Cambridge, Mass. 


JULY 1961 


*xJuly 16-21—4th International Conference 
On Medical Electronics & 14th Con- 
ference on Electrical Techniques in 
Medicine & Biology, Waldorf-Astoria 
Hotel, New York City. Sponsors: ISA, 
IFME, AIEE, IRE. Contact: Lewis Win- 
ner, 152 W. 42nd St., New York 36, N.Y. 


SEPTEMBER 1961 


*xSeptember 6-8—Joint Nuclear Instrumen- 
tation Symposium, North Carolina 
State College, Raleigh, N. Carolina. 
Sponsors: ISA, AIEE, IRE. Contact: 
Cc. S. Lisser, Union Carbide Nuclear 
Co., Oak Ridge, Tennssee. 


%September 11-15—ISA Instrument Auto- 
mation Fall Conference and Exhibit 
and ISA’s 16th Annual Meeting, Sports 
Arena, Biltmore Hotel, Los Angeles, 
Calif. Contact: John E. Witherspoon, 
7107 Penfield Rd., Canoga Park, Cal. 





Contributed papers to all the above listed meetings are welcome. Submit qualifying abstracts to the contact 
individual no later than four months prior to the scheduled meeting. 
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Number of standards certified by National Bureau of Standards each year — 32 
Major function is: Quality control.._._._33 Calibration for plant.._™- 34 Calibration outside plant 35 
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Do you have a Standards Loboratory—or Calibration Labora- 
tory in your plant? If so, complete the ISA Measurement 
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age required. The information you supply will greatly aid 
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on all phases of measurement standards and calibration. 
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New Products @ Services @ Equipment 


Catalogs e Bulletins 


ADVERTISEMENTS NEW PRODUCTS NEW LITERATURE 
(Cover to Cover) (Begin on page 84) (Begins on page 100) 








The “COMMANDER” instruments described below have a 5-year 
accuracy guarantee. By using NBS or NRC reported values, total 
cumulative errors for a complete measurement system can be as low 


as +.002%. 


DAUPHINEE POTENTIOMETER TYPE 9144 
ACCURACY +.001% 

A new 6-figure DC vernier potentiometer with a total 
measuring range of 2.101010V. Accuracy is at least 10 x that 
of similar commercially available equipment. Direct readout on 
4 dials in increments of .1 xv (no slidewire), Thermal emf's less 
than .| xv. Switch controlled ranges of x | &x .1. Contains 2 
saturated standard cells in an internally thermostated enclosure. 
Completely ''Self-Checking.’’ May be used with equal facility and 
accuracy as a Saturated Standard Cell or Resistance Comparator 
— and for the calibration of .01% accurate potentiometers. 








The Type 9144 is an original design by Dr. T. M. Dauphinee 
of the National Research Council in Canada. All rights are 
protected by a United States patent application. 


VOLT RATIO BOX TYPE 9700 

ACCURACY =+.005% 
A volt ratio box similar to that used by the National Bureau of 
Standards as described by NBS Research Paper RP 1419. Self- 
heating and surface leakage negligible. Ranges: .15/.3/.45/.6/ 
75/%.5/3/4.5/6/7.5/15/30/45/60/75/150/300/450/ 
600/750 V. (Type 9700A includes 1500 V. range). Furnished in 
a thermostated oil bath with a motor-driven impeller. 


CONSTANT TEMPERATURE STANDARD CELL ENCLO- 
SURE TYPE 9152 AND SATURATED STANDARD CELL 


TYP 
‘a ACCURACY +.001 % 


Enclosure accommodates up to 4 cells and is air thermostated at 
28°C + .01°C. Transistorized circuit. Operates on 110V/60 
cps (Battery standby). Type 9152A holds 12 cells 


THE TYPE 5214 GALVANOMETER AMPLIFIER AND 
TYPE SR21 LIGHT SPOT GALVANOMETER. 

The amplifier operates on the differential photocell principle in 
conjunction with a liquid-filled primary galvanometer. The sec- 
ondary galvanometer has a scale length of 120-0-120 mm and 
is stable and free from the effects of external vibration. Over-all 
sensitivity is approximately 350,000 mm/ja and 35,000 mm/.v 
It is ideally suited for use with the type 9144 potentiometer. 


Sensitive Research “COMMANDER” Instruments are manufac- 
tured by Guildline Instruments, Ltd. (formerly Tinsley Instruments 
(Canada) Ltd.) 


SENSITIVE RESEARCH INSTRUMENT CORPORATION 


ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 


NEW ROCHELLE, N. Y. 


CIRCLE NO. 113 ON PAGE 112 





Why furnace pressure control should 
be considered the primary combustion 
control on heating and melting furnaces 


The effect of negative furnace 


pressure on air infiltration 


The effect of furnace pressure on 
fuel cost and furnace maintenance. 


When a negative pressure exists 
inside a furnace, appreciable 
quantities of air pass through 
the walls and openings of the 
furnace structure. Actual tests 
have shown that even in an ap- 
parently tight furnace the 
amount of air infiltration can be 
as high as 40% of the total air 
required for combustion. 

Thus, uncontrolled air infil- 
tration can completely negate 
the function of accurate fuel-air 
ratio control. It leads to fuel 
waste, uneven and irregular 
heating, excessive cooling of the 
furnace, and flame impinge- 
ment on the contents and walls. 


On the other hand, uncon- 
trolled high furnace pressure 
causes undue heat loss through 
the furnace walls and openings, 
the possibility of dangerous 
blow-outs when doors are 
opened, and high refractory 
maintenance cost. 

In a properly designed fur- 
nace, the furnace pressure that 
is best for effective heating or 
melting is also the pressure that 
provides an optimum relation- 
ship between fuel costs and 
maintenance costs. Precise con- 
trol of furnace pressure at this 
one best value is a first necessity 
for efficient operation. 


...and why GPE Controls can bring more 


experience than any other control builder 
to furnace pressure control applications 


Two generations of heating and 
melting furnace operators and 
builders have relied on GPE 
Controls for furnace pressure 
control. GPE Controls devel- 
oped the concepts that made fur- 
nace pressure control practical. 
The pressure range of a GPE 
Controls furnace pressure con- 
troller is —0.05 to +0.15” w.c. 
Accuracy of +1% is equivalent 
to holding the “zero pressure” 
level of the furnace within 3” 
vertically —the degree of accu- 
racy that GPE Controls equip- 
ment is designed to provide. 
GPE Controls now adds the 
advantages of electronic trans- 
mission to the proved hydraulic 


control system. The furnace 
pressure transmitter shown at 
the left converts the furnace 
pressure signal to a high-level 
d.c. voltage signal. Used with 
GPE Controls electronic con- 
troller and electrohydraulic 
valve actuator, it eliminates 
long pneumatic signal lines and 
hydraulic lines. The same fur- 
nace pressure signal can oper- 
ate not only the control but also 
recorders and indicators. Instal- 
lation and maintenance are 
both greatly simplified. 

Always be sure to specify 
GPE Controls furnace pressure 
control—the primary combus- 
tion control. 





Write for descriptive literature 


GPE Controls, Inc. 
240 East Ontario Street « Chicago 11, Illinois 


GSP 
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A Subsidiary of GENERAL PRECISION, inc. 
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